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1.0 BACKGROUND

On behalf of the City of Bozeman (City), Tetra Tech has prepared and is submitting this Final
Revision Supplemental Investigation Work Plan (SI), for the CMC Bozeman Facility (Facility)
property (Appendix A, Figure 1). This SI was promulgated due to a Department of
Environmental (DEQ) requirement for additional investigation of specific areas in the Facility as
documented to the City in a Proper and Expeditious Letter and Scope of Work (SoW) dated
November 22, 2006. The SoW provides that information obtained through previous
investigations may be utilized in the development of the SI work plan. Documents, such as the
Voluntary Cleanup Plan for this Facility, containing information appropriate and relevant to this
work plan will be cited herein and incorporated by reference. This Sl work plan will address
those components specified in the SoW, specifically, previously uninvestigated areas on
property owned by Harrington’s, Inc. where asbestos ore may be located, including unpaved
areas; soils adjacent to the newer southern building addition on the south and east sides; the
unpaved alley behind, and to the south, of Heeb’s East Main Grocery (Heeb’s); an evaluation of
pavement condition of known/pavement-covered asbestos ore at the southwest corner of
Wallace Avenue and Main Street; an evaluation of pavement condition of Wallace Avenue and
sidewalks within the right-of-way running south from Main Street to Curtiss Street; investigation
of the upper (northern) portion of the Story Distributing, Inc. property, and an investigation of
potential airborne and settled dust concentrations of asbestos within the former ore storage/mill
building and attached southern building addition on the Harrington’s property (Appendix A,
Figure 1). Please view Appendix A, Figure 2 for an overall demarcated Facility area to be
included in this work plan. Tetra Tech will prepare addenda to the Voluntary Cleanup Plan for
this Facility that will address specific elements of the SoW not included in this investigation.
These elements will include cleanup activities on property owned Empire Building Materials, Inc.
(EBM), the paved utility corridor along Wallace Avenue, and in the alley south of Heeb's.
Additional remedies may be proposed in the addenda to address remaining contamination at
the Facility.

The existing contamination on the EBM property, as investigated and presented in previous
reports, will be addressed appropriately as part of the Sl report where known Facility
contamination and remedial remedies are discussed. As stated above, contamination on the
EBM property will be addressed through addenda to the VCP. Any required additional soil
investigation will be conducted at that time. The areas of known ore contamination are
presented in Appendix A, Figure 3. Figure 3 indicates areas of asbestos ore on the EBM
property near the South Warehouse, and areas south of the Harrington Property in the RoW.
Asbestos ore is also known to be present under areas of the Heeb'’s parking lot and the alley
directly to the south of Heeb'’s, although the extent of this contamination is currently undefined.
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2.0 SUPPLEMENTAL INVESTIGATION WORK PLAN

Tetra Tech has prepared the following six tasks to-be addressed in the Sl: Task No. 1 (Prepare
a Brief Site Characterization Summary); Task No. 2 (Develop a Quality Assurance Project Plan
(QAPP)); Task No. 3 (Prepare a Site Specific Health and Safety Plan); Task No. 4 (Develop a
strategy to evaluate the condition of pavement in the following areas: previously uninvestigated
areas on property owned by Harrington’s, Inc., Empire Building Materials, along the corner of
Wallace Avenue and Main Street, and in the alley south of Heeb’s where asbestos ore may be
located, including any paved and unpaved areas; Task No. 5 ( Develop A Comprehensive Air-
Related Assessment to address the interior of the two structures located on the Harrington’s
Property); and Task No. 6 (Develop a S| Report). Pending further investigation, Tetra Tech
understands that additional areas may need to be addressed as revisions to this SI. Please
view Appendix A, Figure 2 for a visual identification of additional investigation areas. Figures 1
— 4 in Appendix A indicate areas demarcated “Previously Assessed Area.” This line indicates
areas where excavation of contaminated soils has taken place and also areas that have been
previously investigated. This line is representative, based upon previous documentation, of the
boundary of assessed and/or remediated areas.

2.1 Site Characterization Summary

The additional properties to be addressed in this Sl are part of the existing DEQ Comprehensive
Environmental Cleanup and Responsibility Act (CECRA) -listed Facility. Portions of these
additional properties not owned by the City must first allow for owner consent for access to their
property to allow for this additional investigation. The City will exercise its best efforts to obtain
access to the properties in order to conduct the investigation. If owner consent is not achieved,
the City will request assistance from DEQ to obtain access to each property.

As part of this SI work plan, the City will request access from the owners of the Harrington
property, Heeb’s property, Empire Building Materials, Inc. property, and Story Distributing, Inc.
property to accurately characterize the site. On behalf of the City, Tetra Tech will ask
permission from the property owners using the access agreement as provided in Appendix B.

A comprehensive site characterization summary of the CMC Bozeman Facility is located in
Section 4.0: Environmental Assessment in the Voluntary Cleanup Plan for the CMC East Main
Depot (RTI, 2002) (VCP), and is incorporated herein by reference. Previous investigation along
the right-of-way west of EBM and west of Story Distributing Property by Resource Technologies,
Inc. (RTI) revealed visible asbestos contamination present beneath the roadway to a depth
approximately no greater than eight inches from the top of the curb into the street as
documented in Revision 1, Addendum to the Voluntary Cleanup Plan for the CMC East Main
Depot Facility, Bozeman, Montana (RTI, 2003), and as incorporated herein by reference. In
Tetra Tech’s Limited Soil Investigation Results Report (as incorporated herein by reference) for
the Nash-Finch / Bozeman Public Library property, dated July 5, 2007, compacted sand and
gravel backfill was encountered above the native dark brown silty clay material at depth’s from 0
— 4 feet in the four bore holes. The intent of the July 2007 investigation was to evaluate the
presence of lead in native soil under paved parking areas. Note that the presence of asbestos
ore was not evaluated, as previous investigations have shown no detectable asbestos in this
area of the Facility. During the week of August 27, 2007, asbestos ore was discovered by
Montana Department of Transportation (MDT) along the right-of-way along the west corner of
Main Street and Wallace Avenue (adjacent to Heeb'’s). This asbestos ore was found during a
recent MDT project to remove and replace existing sidewalk, curb, and gutter along Main Street;
the asbestos ore appeared to be used as backfill material beneath these removed surfaces.
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The asbestos ore appeared to extend beneath the Heeb’s north-facing parking lot, under the
sidewalk to the west along Main Street, and remains under the newly paved corner of Wallace
Avenue and Main Street. During utility work conducted on behalf of the City of Bozeman on
October 9, 2007, additional asbestos ore was found in the unpaved alley behind, and the south
of, Heeb’s. The extent of contamination in the unpaved alley behind Heeb’s will be investigated
as part of this SI and these additional asbestos ore discoveries will be addressed in an
addendum to the VCP.

2.2 Supplemental Investigation Work Plan

Two separate characterizations will commence at the site and will address specifically the
potential for asbestos in Facility soils and air-related asbestos inside the structures located on
the Harrington property. The ambient air, dust, soil, and pavement condition evaluation
methodologies are present for reference in Table I.

TABLE I: SAMPLE COLLECTION, PREPARATION, AND ANALYSIS
CMC Bozeman Facility Supplemental Investigation
Medium Collection/Preparation Analytical Method
Air ISO Method 10312 TEM
Dust ASTM Method D5755-03 TEM
Soil CARB Method 435 PLM with QC @ 10% TEM
Pavement Visual Pavement Condition Index ASTM D5340-04

Historical documentation indicates that the original Harrington building may have been utilized
for asbestos storage and/or milling during asbestos operations at the Facility. The possibility
exists that any asbestos fibers present in the original building may have migrated or aerosolized
(suspension of particles in air) into the more recently constructed building.

2.2.1 Asbestos Soil Sampling

Asbestos soil samples will be collected for this SI to document levels of anthophyllite in soils
throughout the site in locations that have not been previously addressed. Areas where soil
samples will be collected are discussed in Section 2.2.1.1. Specific areas where soils containing
asbestos ore are known or likely to be present will be addressed through addenda to the VCP.
The first addendum to the VCP will provide for excavation and encapsulation in the Wallace
Avenue utility corridor, removal of asbestos contamination under Wallace Avenue, removal of
any asbestos contamination found through this Sl in areas adjacent to the Harrington’s southern
building addition (as depicted in Appendix A, Figure 4), removal of accessible asbestos
contamination on Story Distributing, Inc. property, Empire Building Materials, Inc. property, the
alley south of Heeb’s, and any required confirmation sampling. A second addendum to the VCP
will address any remaining areas of contamination at the Facility.

2.2.1.1 Objectives

Tetra Tech proposes to collect soil samples from the areas delineated in Appendix A, Figure 2.
These areas include the alley to the south of Heeb’s; paved areas to the west, 15’ to the south,
and along the east side of the south Harrington building. Contamination on the EBM property
will be addressed in an addendum to the VCP. Tetra Tech will perform an evaluation of the
existing pavement conditions, given current property uses, and potential for future required
utility work. The evaluation will include use of a modified version of American Standard for
Testing and Materials (ASTM) Method D5340-04 Standard Test Method for Airport Pavement
Condition Index Surveys. This test method covers the determination of airport pavement
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condition through visual surveys of asphalt-surfaced pavements, including porous friction
courses, and plain or reinforced jointed Portland cement concrete pavements, using the
Pavement Condition Index (PCI) method of quantifying pavement condition. ASTM Method
D5340-04 is found in Appendix C. Tetra Tech will use the PCI to help determine the relative
condition of the pavements (i.e. for pavements that are deemed to be damaged the risk of sub-
grade asbestos ore exposure is greater).

Pavement areas to be addressed are located in Appendix A, Figure 5, and primarily includes
Wallace Avenue (from Main Street to Curtiss Street) including but not limited to areas beneath
sidewalks and curbs, alleys that may contain pavement, and the parking lots of Heeb’s and
Harrington’s.

Due to the possibility that asbestos ore materials may be encountered in utility corridors and
during the excavation/utility repair work in Wallace Avenue, Tetra Tech will address these future
work efforts in an addendum to the VCP to protect the health and safety of the utility workers
and the community from potential asbestos exposure. Appendix D contains all utility maps that
have been provided including City of Bozeman water main locations, City of Bozeman sewer
locations, Northwestern Energy gas utility locations (electricity is from overhead power lines),
and Qwest.

Generally, exterior asbestos soil sampling will consist of completing a visual assessment and/or
using test pit soil sampling methodologies. The visual assessment will be completed for all test
pit locations and will consist of documenting visible asbestos ore throughout the stratification
layers of soil. If asbestos ore is noted through visual inspection, Tetra Tech will not collect a
sample and will document to-depth findings. If visible asbestos ore is not noted, asbestos soll
samples will be collected from each vertical and horizontal extent of each excavation from
defined depth intervals. In this instance the vertical extent is defined as the bottom of the test
pit from which one grab sample will be collected. The horizontal extent is identified as the
northerly, southerly, easterly, and westerly locations along the test pit walls from which a sample
will be composited. The composite sample will consist of soil collected at 6” intervals to the
bottom of the completed test pit. Prior to test pit excavation, Tetra Tech will request utility locate
to be performed throughout the Sl area to prevent safety hazards.

Asbestos ore has been found in Facility soils at the surface and from depths of approximately 2
inches to 3 feet beneath ground surface (bgs). The asbestos ore is often mixed with native soil
and/or fill material. Tetra Tech will subcontract a licensed and insured excavation company to
use a backhoe for the collection of soil samples from a minimum depth of 3 feet into native soil.
If visible asbestos is present at 3 feet below native soil contact, excavation will continue until
visible asbestos is no longer present. Please view Appendix A, Figure 4 for proposed test pit
locations in this SI work plan. The test pits are proposed to be located next to the Harrington’s
building intermittently spread 20’ apart to the boundary of previously investigated or excavated
areas and the east side of the south Harrington’s building itself. As shown, Tetra Tech
proposes to collect 13 composite and 13 grab samples from the test pits at this location.
Approximately five test pits will be excavated in the alley south of Heeb’s, with collection of
approximately 5 composite and 5 grab samples.

After test pit sample collection, Tetra Tech’s subcontracted excavation company will backfill and
compact each testpit with the native exhumed material.

2.2.1.2 Sample Collection/Chain of Custody
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Asbestos soil samples will be collected from excavation walls at every six inches of vertical
depth for each test pit in pre-labeled plastic sampling containers. The samples will be viewed
and a determination will be made if visible asbestos ore is present per each 6”. Duplicate
samples will be collected during sample collection and a composite sample of the entire vertical
depth will be made in a quart-sized plastic container with the same amount of soil collected from
each 6” subsample. The duplicates will be collected and stored in quart-sized plastic containers
for each 6” subsample. Duplicate samples will be prepared and collected along with the original
lab samples by using clean mixing bowls and hand trowels while “stirring” the collected soil for
each sample collected. In-between each test pit location, Tetra Tech will don a new pair of
nitrile gloves and will clean the mixing bowl and hand trowel to prevent cross-contamination.

Tetra Tech will use ASTM D-2487-92 and ASTM D-2488-93 to document each test pit on a
standard test pit log form. Additionally, Tetra Tech will document each test pit location using a
Global Positioning System (GPS), appropriate measurements in reference to existing structures,
and pictorial documentation with each sample identification number. Appendix E contains Tetra
Tech’s standard test pit log.

After the collection of samples from each test pit, Tetra Tech will rinse and clean off the backhoe
bucket using water into the original test pit.

Following the collection of samples, chain-of-custody procedures will be followed to establish a
written record of sample handling and movement between the sampling site and the laboratory.
Each shipping container will have a chain-of-custody form completed in duplicate by sampling
personnel. Tetra Tech, Inc. will keep one copy of this form and the other copy will be sent to the
laboratory. The chain-of-custody will contain the following information:

Sample identification number;

Sample collector’s printed name and signature;

Date and time of collection;

Place and address of collection;

Sample matrix;

Analyses requested;

Signatures of individuals involved in the chain of possession; and

Inclusive dates of possession.

The chain-of-custody documentation will be placed inside the shipping container so that it will be
immediately apparent to the laboratory personnel receiving the container, but will not be
damaged or lost during transport. The shipping container will be sealed so that it will be obvious
if the seal has been tampered with or broken.

2.2.1.3 Soil Sample Analysis

The asbestos content in soils will be determined through visual inspection and using a modified
“bore hole sampling methodology” of California Air Resources Board (CARB) Method 435:
Determination of Asbestos content of Serpentine Aggregate (Appendix F). This preparation
methodology states that a minimum of three samples must be submitted per “area” sampled.

This soil analysis method was chosen to document the asbestos content in soils. Per the
method, the composited sample:

...shall be crushed to produce a material with a nominal size of
less than three-eighths of an inch. Before crushing, the sample
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must be adequately dried. ASTM Method C-702-80, which is
incorporated herein by reference, shall be used to reduce the size
of the crushed grab sample to a one pint aliquot. The one pint
aliquot shall be further crushed using a Braun mill or equivalent to
produce a material of which the majority shall be less than 200
Tyler mesh...

Soil samples will be analyzed using the CARB Method 435 preparation, followed by analysis
using polarized light microscopy (PLM) to 0.25%. The CARB Method 435 contains an
abbreviated PLM analysis, but the more comprehensive PLM analysis outlined in EPA Method
600/R-93/116 will be utilized; Appendix G contains this Method.

Ten percent of soil samples collected will be analyzed as specified above, but also analyzed
using transmission electron microscopy (TEM), with the CARB 435 preparation method, to
0.10%.

2.2.1.4 Quality Control

For the 18 composite samples to be collected (if necessary) from the side walls of the test pits,
one duplicate sample for the complete side wall set will be submitted to the laboratory for
analysis; additionally, one blank sample will be submitted to the laboratory for the complete side
wall assessment. The blank sample will consist of using soil that has been previously
analytically tested for asbestos and is known not to contain asbestos. The purpose of this
sample collection is to ensure the laboratory does not enter sample contaminants into their
sample handling procedures as well as to show that Tetra Tech does not enter contamination by
route of sample handling into its sample collection process. These blank samples will increase
the sample collection validity and accuracy for this Sl.

For the 18 grab samples to be collected from the bottom of the test pits, one duplicate sample
for the complete set of bottom samples will be submitted to the laboratory for analysis;
additionally, one blank sample will be submitted to the laboratory.

2.2.2 Asbestos Air-Related Sampling

It is believed that the original Harrington’s building, located in the 2000 block of S. Wallace,
Avenue, was used as an asbestos ore storage building and/or for the processing of asbestos
ore. Objectives of sampling are to define the nature and extent of any anthophyllite asbestos
contamination of the indoor air in the Harrington’s structures, and to determine the exposure
potential to those who utilize the building.

2.2.2.1 Objectives

To determine if air-related surficial anthophyllite asbestos contamination is located in
Harrington’s buildings located in the Sl area, Tetra Tech will collect dust samples using ASTM D
5755-03 and air samples in accordance with International Organization for Standardization
(ISO) Method 10312:1995. Tetra Tech will collect dust samples in specified zones in both
buildings using ASTM D 5755-03. Surficial deposition of any potential anthophyllite-
contaminated dust will have settled in areas on the buildings with which no air movement is
provided (corners, behind doors, tops of cabinets/shelves, etc...). Based on recent information
indicating a lack of correlation between asbestos concentrations in dust samples and
concentrations in air, the EPA has determined that the collection of dust samples alone will not
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adequately assess potential indoor sources of exposure. Due to this determination, Tetra Tech
will also collect activity-based air samples during building owner/employer work activities
throughout the workday to determine if and at what levels tenants, employees, or patrons to
these building may be exposed to anthophyllite asbestos from residual contamination.

2.2.2.2 Asbestos Dust Sampling

For the use of ASTM D 5755-03, Standard Test Method for Microvacuum Sampling and Indirect
Analysis of Dust by Transmission Electron Microscopy for Asbestos Structure Number Surface
Loading (Appendix H), Tetra Tech will collect a minimum of one composite sample per building
with the following parameters:

e One composite sample will consist of 10 subsamples (aliquots) per work area in the
building (a work area is defined as a segregated section in the building (e.g., office
space, shop, etc.)) using the following ratio of subsample locations:

O (4) accessible areas,

0 (4) infrequently accessed areas, and,

0 (2) inaccessible areas;
Note: the sample order will include collection of one subsample initially from each of
these areas (i.e. (1) accessible location, (1) infrequently access area, and (1)
inaccessible area so if filter loading occurs the collected sample will be representative of
all three areas.

e One composite sample will be collected for each floor of each building on the property;

¢ One composite sample will be collected for each separate heating, ventilation, and air
conditioning (HVAC) system per floor of each zone in each building per property; and,

¢ One composite sample will be collected inside the return plenum of each HVAC zone in
each building. If no HVAC is present, samples will be collected near negative air-
induced entry points into the building in laminar/stagnant air locations (e.g., beneath
window sills, in corners of building areas, beneath floor mats, etc.).

A subsample will consist of collecting ten (10) 100 centimeter (cm) x 100 cm samples
throughout these defined composited spaces. A single template will be used for each
composite sample; therefore, per each aliquot in the composite sample, a single template will be
used.

Tetra Tech’s decontamination procedure with consist of disposal of plastic gloves per composite
sampling event, disposal of the template per composite sampling event, and using separate
cassettes in-between each composite sampling event.

Although this analytical method’s sensitivity is generally around 1,000 structures per square
centimeter for use with a single (10cm x 10cm) template, Tetra Tech would like to increase the
target analytical sensitivity to 20 structures per square centimeter based upon increased aliquot
points — as discussed above - in the initial sampling. While ASTM D 5755-95 requires the
identification of fibers with a 5:1 aspect ratio, Tetra Tech will request an aspect ratio of 3:1 be
analyzed by the laboratory due to recent research involving amphibole asbestos risks
associated with fiber sizes less than 5 microns in length.

Samples will generally be collected from “dusty” areas that may not have been cleaned
previously and may be collected from any horizontal surface in each composite area; however,
“non-dusty” surfaces will be encountered and sampled (routinely cleaned areas along the floor,
window sills, frequently vacuumed area, etc.). The type of each surface sampled will be
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documented as porous, semi-porous, or hon-porous (carpet, wood, floor tile/waxed or varnished
wood, respectively) and will be labeled on a floor plan figure and documented in the following
manner:

e South Harrington Building, Composite Sample 10, Subsample 7, Porous Surface
0 SHB-10-7-P.

Tetra Tech field sheets will be used that specifically document each area in the building the
sampling commenced, the level of the building, and the specific type of surface from which
each sample is collected.
More specifically, Tetra Tech will collect samples from the following composite locations with
subsample identification to occur onsite:
o North Harrington Building
. Basement
o] Shop/Office/Vault
o] HVAC Room
o] Showroom
. Main Level
o] Bitterroot Stained Glass Shop and Storage Room
Main Office/Storage Room No. 1 & 2
Showroom/Closet
East Dock Area
Southwest Office/Men’s and Women'’s Restroom
o Attic Level
o] South Showroom
o] North Showroom
o] Breakroom/East Office/Hallway
e 39Level
o] Big Sky Aikido
o South Harrington Building
. Salvation Army Shop & Bathroom

o
0}
o}
o

Appendix A, Figures 6 — 10 represent these sample locations.

Analysis will indicate the type of asbestos (if any) present on each composite area analyzed.
Analysis will be completed using transmission electron microscopy (TEM). This analysis will
differentiate between specific types of asbestos materials, thus allowing the City to effectively
determine if contamination from asbestos ore mining operations has contaminated the surface
of indoor areas.

2.2.2.2 Asbestos Air Sampling

For the use of ISO Method 10312:1995, Ambient Air — Determination of Asbestos Fibres — direct
Transmission Electron Microscopy Method (Appendix I), Tetra Tech will collect activity-based air
samples throughout two eight hour work periods via personal air monitoring of two employees at
the Harrington’s North building during an average work day, or through activity-based sampling
conducted by Tetra Tech, Inc. simulating daily activities of Harrington’s, Inc. employees. During
a September 12, 2007, site visit, Jeff Harrington indicated he would prefer that he and another
employee participate in sample collection. Typical daily work activities (tasks), according to Mr.
Harrington, will include the following tasks: cleaning furniture, moving furniture, furniture sales,
office work, limited janitorial duties, and management duties (including observing employees
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performing all above-mentioned duties). Should Mr. Harrington and/or his employee decline to
participate at the time of sample collection, a Tetra Tech, Inc. employee will conduct activity-
based sampling inclusive of the activities listed at the direction of Mr. Harrington.

The 25 millimeter (mm) conductive cowl cassette with 0.45 micron pore size mixed cellulose
ester (MCE) sampling filter backed by a 5.0 micron pore size MCE filter will be worn by the
employees within seven inches of the mouth/nose area (such as on the lapel of their clothing)
throughout the duration of the sampling period. Prior to and after sample collection the flow rate
of the sampling pump will be calibrated to 2.0 liters per minute (Ipm) using a primary source. If
samples are found to be out of tolerance by +/- 10% of the initial calibrated flow rate, the sample
will be considered void and a retest will be performed.

The analysis will be conducted using transmission electron microscopy (TEM) by a laboratory
participating at a minimum in the National Voluntary Laboratory Accreditation Program (NVLAP)
and conducted in accordance with the specifications found in ISO 10312 including but not
limited to the following procedures:
e Analytical Sensitivity (0.0002 cc™);
e Filter Overload Target set a 10% with the laboratory notifying Tetra Tech, Inc. of any
overloaded filters prior to proceeding with analysis;
¢ Counting Rules specifying that the laboratory read a minimum of 10 grid openings and
continue to count structures until the required analytical sensitivity has been reached,
based on the sample volume and the number of grid openings counted. The count may
be terminated upon completion of the grid opening containing the 50" structure,
regardless of whether or not the target analytical sensitivity has been reached; and,
e A media blank and a field blank from the same sample media lot will be submitted to the
laboratory for quality control.

All field equipment will be decontaminated using wet wipes prior to the start of sampling, in-
between sampling events, and after sampling events to prevent contamination of the equipment.

2.2.2.3 Sample Handling/Chain of Custody

Samples will be handled in accordance with ASTM D5755-03, which will include donning a new
pair of nitrile gloves between composite sample locations prior to each sample. A chain-of-
custody will be filled out for each composite sample and will indicate all aliquot sample
identification numbers included for that sample.

Documentation of each sample area will consist of location of each sample aliquot on a building
floor plan as well as a pictorial representation of sample location with each individual aliquot
number.

2.2.2.4 Dust and Air Sample Analysis

The dust samples will be collected and submitted for analysis for identification of asbestos fibers
in accordance with ASTM D 5755-03 and ISO Method 10312:1995 for the air samples. Analysis
will be completed by EMSL Analytical Laboratories in West Mont, New Jersey, for all samples.
EMSL is accredited by the American Industrial Hygiene Association (AIHA) for asbestos
analysis and participates in NVLAP. By use of a TEM for all dust and air samples analyzed,
Tetra Tech will be able to differentiate between the different types of asbestos present on the
sample medium, an important trait due to the specific morphology and crystallization of the
Karst Mine anthophyllite from differing asbestos structures.
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2.2.2.5 Quality Control

One media blank sample will be submitted to the laboratory for analysis for at least 10% of the
indoor air samples collected in accordance with ASTM D 5755-03. Additionally, one field blank
sample will be submitted to the laboratory for 10% of the samples collected. The field blank
sample will be collected by allowing the same sample volume 2.0 liters per minute of flow for a
period of 30 seconds in the air for the dust samples.

One media blank sample and one field blank sample will be submitted for analysis for 1SO
Method 10312 to meet a minimum suggested level of 20% for the laboratory samples submitted.
Additionally, prior to the sampling, ISO Method 10312 suggests that two cassettes from the lot
of provided samples be submitted to a laboratory for TEM analysis to determine the mean
asbestos structure count. If the mean count for all types of asbestos structures is found to be
more than 10 structures/square millimeter, or if the mean fiber count for asbestos fibers and
bundles longer than 5 microns is more than 0.1 fibers per square millimeter, then the media lot
will be rejected.

2.2.3 Laboratory Analytical Protocol

Tetra Tech will use a laboratory that participates with the National Voluntary Laboratory
Accreditation Program (NVLAP) to analyze all samples in accordance with respective analytical
laboratory methodologies.

2.3 Quality Assurance Project Plan

Procedures described in this section are designed to guide quality assurance. This section
presents a discussion of the SI Work Plan goals to ensure data validity throughout the sample
collection and analysis specifically for this Work Plan.

2.3.1 Sampling Design

Section 2.2 details sampling protocols, including the types and numbers of samples, based on
review of historic data and previous investigations completed at the Facility. The sampling
design for the various media is described below.

2.3.1.1 Pavement Condition Evaluation

The visual assessment of pavement currently found in the SI Work Plan focus area in the
Facility is used to characterize the degradation of current pavement conditions.

2.3.1.2 Asbestos Soil Sampling

Test pit asbestos soil sampling will be used to estimate the quantity of anthophyllite in soil
present in the study area.

2.3.1.3 Asbestos Air Sampling (Interior Dust Samples)

Interior dust samples in the Harrington’s buildings will define if the presence of anthophyllite
structures exists along horizontal surfaces inside each of the buildings. Note that the North
Harrington building has been documented to store asbestos ore and the South Harrington
building has been documented as possibly having asbestos ore backfill material beneath the
structure.

2.3.1.4 Asbestos Air Sampling (Interior Worker Task Sampling)
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Interior worker task sampling will identify if throughout the course of a work day, Harrington’'s
Furniture employees are exposed to anthophyllite asbestos present in the air. This sampling
will identify if, during the course of the work day, air velocity surrounding horizontal surfaces or
use of the Heating, Ventilation, and Air Conditioning (HVAC) system may aerosolize and
suspend particulate matter in the air.

2.3.2 Measurement Data Acquisition

The type and quantity of samples, sampling methods, sample handling, chain-of-custody
procedures, and analytical methods required for field investigations at the Facility are described
in Section 2.2.

2.3.2.1 Field Quality Control Sampling

For the asbestos soil sampling, one soil duplicate will be submitted to the laboratory for analysis
from one of the scheduled test pits. Additionally, one soil blank sample, a previously submitted
soil sample known to contain no asbestos, will be submitted to the same laboratory for analysis.
Of the samples collected from the bottom of the test pits, a single duplicate grab sample and a
blank sample will be collected and submitted for laboratory analysis.

Prior to the collection of the asbestos dust samples, two media blank samples from the lot of
filter media cassettes will be analyzed in accordance with sample methodology to ensure that
these specific media are not contaminated with asbestos fibers. During the collection of the
dust samples, and in accordance with the method, Tetra Tech will submit one blank for 10% of
the dust samples collected. This sample will be collected by uncapping the filter cassette cap
and allowing it to be exposed to building air for 30 seconds, thus acting as a field blank and
providing sampler error information.

Prior to the collection of the asbestos air samples, two media blank samples from the lot of filter
media cassettes will be analyzed in accordance with sample methodology to ensure that these
specific media are not contaminated with asbestos fibers. During the collection of the dust
samples, Tetra Tech will submit one blank for 20% of the dust samples collected. This sample
will be collected by collecting 30 seconds worth of volume from the sample directly from the air.

2.3.2.2 Laboratory Quality Control

The laboratory chosen to analyze all asbestos samples will participate in the NVLAP.
Participation in this national program includes quarterly round-robin samples for analytical
asbestos detection. These prepared samples include a known concentration of asbestos; when
the laboratory performs analysis of these “spiked” samples their analysts must fall within the
allowable standard deviation for the specific sample analyzed. Participation in this program
ensures both precision and accuracy of both the equipment used in the analysis and the
analysts themselves. By subcontracting a laboratory participating in NVLAP, Tetra Tech
ensures analytical results are both precise and accurate.

2.3.2.3 Equipment Operation and Calibration

All field and laboratory equipment will be operated, maintained, and calibrated in accordance
with applicable methodologies while using the manufacturer's recommended procedures.
Section 2.2 details the analytical methods, which in turn specify the laboratory equipment
operation, maintenance, and calibration procedures.

2.3.2.4 Data Management
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The Tetra Tech project manager will be responsible for ensuring that project personnel have the
most current version of this SI and other project planning documents. The Tetra Tech project
manager will maintain project files and project documents in Tetra Tech’s Great Falls, Montana,
office.

Analytical data will be provided to Tetra Tech in both electronic and hard copies. Analytical
laboratory data as well as pertinent field notes/data will be directly downloaded onto the Great
Falls Server. During report generation and throughout the project, the Great Falls server is
backed up daily to prevent loss of data during the data reduction process.

The letter report for this assessment will include field notes, field logs, field forms, chain-of-
custody records, evaluation of data quality, and analytical reports. Tetra Tech will also report
information that relates to decisions for subsequent assessment work and redevelopment.

Corrective actions will be taken immediately upon identification of potential problems with data
acquisition or measurements. Field equipment malfunctions will be identified immediately and
corrected by the field team leader. Corrective actions will be documented in the field notes.

Tetra Tech’s project manager will perform internal quality assurance audits to ensure data
collection and data management, including data review, verification, and validation are
performed in accordance with the Sl objectives. Validation of the collected data will be included
in the report to DEQ.

2.4 Site Specific Health and Safety Plan

Tetra Tech will prepare a Site Specific Health and Safety Plan (HASP) for the S| based upon
final comments from DEQ for the work plan due to any revisions DEQ may suggest with the
work plan. While DEQ does not provide approval of the HASP, Tetra Tech will supply DEQ with
the finalized HASP for this Sl prior to the start of any onsite work. The HASP will conform to the
requirement 29 CFR 1910.120, and will generally follow using the same health and safety
principles as are documented in the Health and Safety Plan for the CMC East Main Depot Site
Voluntary Cleanup Bozeman, Montana, (RTI, 2002) and as included in the Voluntary Cleanup
Plan for the CMC East Main Depot, Revision 2, (RTI, 2002) and are included by reference
herein. Upon DEQ’s acceptance of the SlI, Tetra Tech will complete the HASP accordingly
(dates, subcontractors, etc.). Tetra Tech health & safety Standard Operating Procedures
(HSSOP’s) that will be referred in the HASP are will include:

HSSOP-1 (Site Specific Health and Safety Plans);
HSSOP-4 (Exposure Monitoring);

HSSOP-7 (Hearing Protection);

HSSOP-8 (Personal Protective Equipment);

HSSOP-9 (Respiratory Protection);

HSSOP-14 (Emergency Response and Fire Protection);
HSSOP-16 (First Aid and CPR);

HSSOP-19 (Safety Training for Supervisors);

HSSOP-20 (Employee Drug and Alcohol Program);
HSSOP-21 (Medical Records Access);

HSSOP-24 (Ground Fault Interrupters and Electrical Safety);
HSSOP-25 (Material Handling);

HSSOP-27 (Heat and Cold Stress and Biological Agents);
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HSSOP-31 (Work Site Management);

HSSOP-34 (Spill Cleanup);

HSSOP-36 (Personnel/Equipment Decontamination Procedures); and,
HSSOP-39 (Accident Investigation).

It should be noted that the HASP will require personnel and/or work zone-downwind ambient air
monitoring during the exterior test pit sample collection and interior dust samples for the
following contaminants (with respective methodology):

e Asbestos: National Institute of Occupational Safety and Health (NIOSH) Method 7400.

All personnel on site, including all subcontractors, will be trained as required by the
Occupational Safety and Health Administration (OSHA) Hazardous Waste Operations and
Emergency Response (HAZWOPER) 29 CFR 1910.120 standard and provide proof of such
training. Due to the presence of potential hazardous substances on site, Tetra Tech will require
excavation subcontractors to participate in a respiratory protection program as defined in 29
CFR 1910.134. As required under this OSHA standard, all personnel on site will be required to
receive physician’s approval before wearing negative pressure air-purifying respirators and
receive fit testing for the specific respirators worn. Prior to the onset of work, Tetra Tech will
inform and provide the drilling subcontractors with the HASP as well as necessary training prior
to starting work.

2.5 Sl Report Preparation

Tetra Tech will prepare a final report presenting the findings of the Supplemental Investigation.
The report will include the following:

e A general introduction describing the purpose and organization of the report;

A summary of the investigations conducted pursuant to the SI Work Plan including
general field observation and any deviations from the SI Work Plan;

o All validated field and laboratory analytical results will be included in narrative text
discussion and in an appendix;

o All field notes and photographs in an appendix;

A presentation and evaluation of the results of the investigation or tests conducted
pursuant to the SI Work Plan, as well as QA/QC results, in text discussion, tabular form,
and illustrated on figures such as maps;

e An evaluation of the fate and transport of contamination from the known areas
containing asbestos ore;

e A discussion of potential hazardous or deleterious substance migration routes and
human receptors, including a comparison of contaminant concentrations to appropriate
screening levels;

e A summary of any other pertinent information obtained during the Supplemental
Investigation; and,

¢ Conclusions and recommendations for further remedial actions.
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3.0 SCHEDULE

Upon approval from the DEQ, Tetra Tech and the City will coordinate implementation of the Sl.
Sampling will be conducted within 20 working days of receiving work plan approval, provided
the ground is not muddy. Laboratory analytical results are typically available within four weeks
of receipt of the samples at the laboratory. A draft letter report will be submitted to the City for
review, and the approved draft submitted to DEQ within 45 days from receipt of analytical
results for the SI sampling. The final SI report will be issued to DEQ within 20 days of the
receipt of DEQ comments on the draft.

Revised Sl Prepared By:
Tetra Tech

g ol

. ~Keith E:ron, CIH
Branch Manager
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WRITTEN CONSENT OF PROPERTY OWNERS
FOR VOLUNTARY PROPERTY ACCESS TO:

{Name of Property}

Sections 75-10-730 through 738, Montana Code Annotated (MCA) requests the written
consent of current property owners to be included as part of a voluntary cleanup plan.
As part of the process for the cleanup efforts, the Montana Department of Environmental
Quality (DEQ) has identified additional areas to be included in part with the voluntary
cleanup plan efforts. To effectively determine if additional cleanup is needed, a
Supplemental Investigation of asbestos-containing ore in and along your property must
be completed.

Along the exterior of your property we request access to collect test pit samples along
the west, south, and east portions of your property. Potentially, along the interior of your
building, we request access to collect air and surficial dust samples.

Section 75-10-733(2)(c), MCA requires that voluntary cleanup plans must include, “The
written consent of current owners of the facility or property to both the implementation of
the voluntary cleanup plan and access to the facility by the applicant and its agents and
the department.” The following agreement has been developed to satisfy this
requirement.

As a property owner of {Name of Property} as described below, I,
provide consent for the implementation of this voluntary cleanup plan proposed for the
facility as approved by DEQ. | further grant access to the facility to Tetra Tech, its
agents, and DEQ.

{Legal Property Description}

{Owner Name and Address}

Signature(s)

Name/Title (please print)

Date
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. Designation: D 5340 — 041
C
T LI

INTERNATIONAT,

Standard Test Method for

Airport Pavement Condition Index Surveys’

This standard is issued under e tixed destgnation D 5340; the aumber innncdiutely following the designution indicates the yeue off
wiginat wdoplion or, in the case of revision, the year of lagt revision, A nurber in purentheses indicaies the year of last seapproval, A
superseripl epsiton (€) indicates un editovial change since the last revision or reupproval.

€' Now-—Annex figures were corrected cditorinliy in Macch 2005,

1. Scope

I.I This dest method covers the determination of dirport
pavement condition through visual surveys of asphalt-surfaced
pavements, including porous friction courses, and plain or
reinforced jointed portland cement concrete pavements, using
the Pavement Condition Index (PCT) method of quantifying
pavement condition.

.2 The PCI for airport pavements was developed by the US
Army Carps of Engineers through the funding provided by the
U.S. Air Force (T, 2, 3).% 1t is further verified and adopted by
FAA (4), and the U.S. Nava! Facilities Engineering Conumand
(5).

1.3 The values stated in inch-pound units are to be regarded
as the standard, The ST units given in parentheses are for
information only.

V4 This standard does not purport to address all of the
sdgjety concerns, if any, associated with ity use. It iy the
responsibility of the user of this standard 1o establish appro-
prigte Safety and health praciices and deterinine the applica-
bility of regulatory timitotions prior to use. Specific precau-
tionary statements are given in Section 6.

2. Terminology

L1 Definitions of Terms Specific o This Standeard:

2.0 additional somple——a sample unil inspected in addi-
lion Lo the random sample units to incluce nonrepresentative
sample unils in the determination of the pavement condition,
This includes very poor or excellent samples that are not
typical of he section and sample units which contain an
unusuai distress such us a utility cut. If a sample unit
conlaining an unusual disiress is chosen at random, it should be
counted as an additional sample unit and anether random

— .

"This test method is under (he Jurisdietion of ASTM Cowmiltee EI17 un
Vehicle-Pavemen Systems and is the direct responsibidity of Subcommiee 1741
an Pavement Management,

Cinent edition approved uly 1, 2004. Publishest July 2004, Oviginudly approved
in 1998, Last previons edition approved in 2003 as 13 5340 - 03,

*"The boldface numbers in puroneheses refer to 4 list of referances al lhe end of
Lhe text,

samzple unit should be chosen, If every sample onit is surveyed,
then there are no additional sample units.

2.1.2 asphalt concrete (AC) surface—agpregate mixiure
with an asphall cement binder. This term also refers to surfaces
constructed of ceal tars and natural tars for purposes of this test
method.

2.1.3 pavement branch—a branch is an identifiable part of
the pavemen! nelwork that is a single catity and has a distinct
function. For example, cach nunway, laxiway, and apron areis
iare separate branches.

214 pavement condition index (PCI )—a numerical rating
of the pavement condition that ranges from O to 100 with
being the worst possible condition and 100 being the best
possible condition.

2.1.5 pavement condition. rating—a verbal description of
pavement condition as a function of the PCI value that varieg
from “Failed” to “Excellent” as shown in Fig. 1.

2.1.6 pavemenr distress—external indicators of pavemeint
deterioration caused by loading, environmental factors, or
construction deficiencies, or a combination thereof, Typical
distresses are cracks, rulting, and weathering of the pavement
surface. Distress types and severity levels detaited in Appendix
X1 for AC and Appendix X2 for PCC pavements must be usecd
to oblain an aceurate PCT value.

2.1.7 puvement sampie unit—e subdivision of a pavement
section that has a standard size range: 20 contiguous slabs (+8
slabs if the 1otal number of slabs in (e seclion is not evenfy
divided by 20, or 0 accommodate specilic Geld condition) for
PCC airfiefd pavement and 5000 contiguous square fect (*
2000 7t (450 = 180 m?) if the pavement is not evenly divided
by 5000, or 10 accommodate specific field condition) for AC
airfleld pavement and porous friction surfaces,

2.1.8 pavement section—a conliglous pavement area hav-
ing uniform construction, maintenance, usage histery, and
conditton, A section should also have the same fraffic volnme
and foad intensity,

2.1.9 porons friction surfaces—open-graded select agpre-
gate mixtwe with an asphalt cement binder, This is a subset of
asphalt concrele-surfuced pavements,

Copyright 63 ASTM Ivematicnal, 108 8arr Harbor Dtiva, PO Box CY00, Wost Canghohockan, PA 18428-2058, United Statss.

Copyright by ASTM 1nt) (sl rights reserved); Fri Qet 5 13:07:3) BT 2067
Bownloaded/printed by
Nancy Garreaud (Tetea Teceh, Inc)) pursvant to License Agreement, No further reproductiong authorized,
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A EXCELLENT

VERY o0Oh

FIG. 1 Pavement Condition Index {PCl) and Rating Scale

2100 pordand cement concreta (PCC) pavemeni-—
aggregate mixture with portland cement binder including
nonreinforeed and reinforced jointed pavernert.

2100 randenn sample—a sample unit of the pavement
section selecled [or inspection by randoin sampting techniques,
such as a random aumber table or systematic random proce-
dure.

3. Summary of Test Method

3.1 The pavement is divided into branches that are divided
inte sections. Bach scction is divided into sample units. The
type and severity of airport pavement distress is assessed by
visual inspecticn of the pavement sample units, The quantity of
the distress is ineasured as described in Appendix X1 and
Appendix X2. The distress dats are used to calculate the PCT
for each sample unit, The PCI of the pavement seclion iy
determined based on the PCI of the inspected sample unils
within the section.

4. Significance and Use

4.1 The PCT is a numerical indicator that rates the surface
condition of the pavement, The PCI provides a measure of the
present condition of the pavement hased on the distress
observed on the surfuce of the pavement which also indicates
the structoral infegrity amd surface operational condition (lo-
calized roughness and salety). The PCT cannot measure the
struciural, capacity, neither does it provide dircet measurement
of skid resistance or roughness, Tt provides an objective and
rational basis lor determining maintenance and repair needs
and priorities. Continugus monitoring ol the PCI is used (o
eslublish the rate of pavement deterioration, which permits

Copyright by ASTM ol (all eights veserved); Fri Oct 5 13:07:3] EDT 2007
Bownleaded/prinied by
Naney Gureand (Telia Tech, Ine.)

early identification of major rehabiiitation nceds. The PCI
provides feedback on pavement performunce for validation of
improvement of current pavement design and maintenance
procedures.

5. Apparatus

5.1 Data Sheets, or other field recording instruments that
record al A minimum the following informalion: date, location,
branch, section, sampie unit size, stab number and size, distress
types, scverily levels, quantities, and names of surveyors,
Example data shects for AC and PCC pavements are shown in
Fig. 2 and Fig, 3.

3.2 Hand Odometer Wheel, that reads 1o the nearest 0,1 Fit
(30 mm).

3.3 Straighiedge or String Line (AC only), 10 { (3 m).

5.4 Scale, 12 in. (300 mrs) that reads to % in, (3 mm) or
better. Additional 12-in. (300-mm) ruler or straightedge is
needed o measure faulting in PCC pavements.

5.5 Layout Plan, for airport 1o be inspected,

6. Hazards

6.1 Traffic is a hazaed as inspectors must walk on the
pavement to perform the condition survey. Inspection must be
approved by and coordinated with the airport operational stalf,

&.2 Noise from aircrafl can be o hazard, Hearing protection
must be available 10 the inspeetor al all times when airside
inspections are being performed.

7. Sumpling and Sample Units

7.1 Kdentify areas of the pavement with different uses such
as runways, taxiways, and aprons on the airport layoul plan,

7.2 Divide each single-use arca into sections based on the
pavement design, construction history, raffic, and condition,

7.3 Divide the pavement sections into sample units. 11 the
pavement siabs tn PCC have joinl spacings greater than 25 ft 8
m), subdivide each slab inw imaginary slabs. The imaginary
slabs should all be less than er equal to 25 A {8 m) in length,
and the imaginary joints dividing the slabs are assumed to be
in perfect condition. This is needed because the deduct values
were developed for jointed concrete slabs less than or equal to
25 [t (8 m),

74 Individual sample units (o be inspected should be
marked or identified in o manner o aflow inspectors and
qualily control personnel 1o casily locate them on the pavement
surface. Paint marks along the edge and sketches with locations
connecled to physical pavement features are acceptable, The
use: of nails or other potentin]l FOD sources is not recom-
mended, It is necessary (o be able (o accurately relocale the
sample units o allow verificalion of currens distress data, to
examting changes in condition with tine of a particular sample
unil, and 10 enable fulwe inspeetions of the sanie sumple unit
il desired,

7.5 Select the sample units to be inspected. The number of
sample units (o be inspecled may vary from all of the sample
units in the section, a number of sampie units thal provides a
95 % confidence level, or n lesser number,

7.5.1 All sample units in the section may be inspected to
determing the average PCI of the section. “This is usually

pursuant Lo License Agreement. No further reproductions authorized.
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AIRFIELD ASPHALT PAVEMENT SKETCH:
CONDITION SURVEY DATA SHEET
FOR SAMPLE UNIT

BRANCH SECTION SAMPLE UNIT
SURVEYED BY DATE SAMPLE AREA
1. Alligator Cracking §. Dapression 9. Oll Spillage 13, Rutting
2. Bleeding 8, Jet Blast 10, Patehing 14. Shoving from PCC
3. Bloek Cracking 7. Jt. Reflection {PCC) 11. Polished Aggregate 15, Slippage Cracking
4. Corrugation 8. Leng. & Trans. Cracking 12. Raveling/Weathering 16. Swell
DISTRESS DENSITY | BEDUCT
SEVERITY| QUANTITY TOTAL %% VALUE

FIG. 2 Flexible Pavement Conditlon Survey Data Sheet for Sampie Unit

precluded for roustine managemenl purposes by availuble 7.5.2 The minimuin number of sampic units (1) that must be
manpower, funds, and time. Total sampiing, however, is surveyed within & given section 1o oblain a stalisticalty
desirabie for project analysis to help estimate maintenance and  adequate estimalte {95 % confidence) of the PCI of the section
repatr quuntitics.

3
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r . AAFIELD CONCHETE PAVEMENTS where:
CONDITION SUAYEY DATA SHEI FOR SAMPLE UNI . -
BRANGHI SECTION il SAMMLE UMTNT PCI = PCI of su_;'vc‘ycd sample unit 4, .
| _SURVEYED Ay DATE SAMPLE AREA_ PCI, = mean PCT of surveyed sample units, and
Disieess_Yvnes SKETCH; h = total number of sumple units surveyed,
1 Blow wp 5, Punping 7.5.2.2 Caleulate the revised minimum number of sample
T Comoer ot L g e Creet its (Bq 1} 1o be surveyed using (f aleulated standard
oy, S . v . . units ( q ,} o he surveyed using the calculatec standarg
e A E; ared Elit 1 deviation Fl:.q 2). 17 the revised 11umher. of sample units to be
z.' Ei:ﬁ::g:;u?.r.', St 15 s L surveyed is greater than the number of sample units already
- roRed ’ surveyed, select and survey additional random sample units.
e o [Penaits [ seouer e These sample units should be evenly spaced across the section,
E " ' . "
T s Repeat the process of checking the revised number of sample
s ’ - units and surveying additonsl randam sample units unti] the
7 tetal number of sample units surveyed equads or exceeds the
L] P - . . .
' ' ' ' minimum required sample units (1) in Lq 1, using the actual
8 .
. . . . . total sample standard deviation).
s 7.5.3 Alesser sumpling rate than the above mentioned 95 %
. . e . . confidence level can be used based on the condilion survey
. ovbjective. As an example, one agency uses the following table
. . . R . for selecting the number of sample unils to be iuspected lor
a other than project analysis:
» . . . . Given Survey
2 1 to 5 sampie units 1 sampie unli
6 1o 10 sample units 2 sampl units
* * * * . 11 10 16 sample units 3 sample units
1 16 1o 40 sample unils 4 sample unlis
. . - . . over 43 sample vnits 16 %
LI T 4 . : .
7.6 Once the number of sample units to be inspected hasg
heen determined, compute the spacing interval of the units

using systemalic random samypling. Samples are equatly spaced
throughout the section with the first sample selecled at random.
The spacing inrerval () of the unils 1o bhe sampled is calculated
by the following formula rounded to the next lowest whole

FIG. 3 Jointed Rigld Pavement Condltion Survey Data Sheet for
Sample Unlt

i ) X . . number;
s calcufated using the following formula and rounding n to the
next highest whole number (). i g.l (3
Ny?
" = £ where
((T)(N =} + .\'2) N = total number of sample units in the section, and
# = number of sample units o be inspecled,
where; The first sample unit to he inspecled is selected at random
¢ = acceplable error in estimating the section PCL Com- from sample vnits 1 through 7. The sample units within a
monly, e = 5 PCI points, section that are successive increments of the interval i after the
= standard deviation of the PCT from onc sample unit to first randomly selected unit are alsa inspected,
another within the scetion. When performing the 7.1 Additional sample units are only to be inspected when
initial inspection, the standard deviation is assumed (o nonrepresentative distresses we observed as defined jn 200
be 1en for AC pavements and L5 for POC pavements. These sample units are selected by the user,
This assumption should be checked ag described
helow after PCI values are determined. For subse- 8. Inspection Procedure
quent inspections the standard deviation from the 8.1 The definitions and guidelines for quantifying distresses
preceding inspection should be used to determine 7, for PCI determination are given in Appendix X1 [or AC
#nd pavements, Other related references (4, 2, 3,4,506,7 8) are
N = ol number of sample units in the section. also available that discuss distress survey; however, whea the

73.2.1 1 abtaining the 95 % confidence level is critical, the  material in these references conflice with the definitions in-
adequacy of the numbes of sample units sueveyed must be  cluded in this test method, the definitions in this test method
ventinmed. The number of sample units was estimated based on  are used,

4 assumed standard deviation. Caleulate the aetual standard 8.2 AC Surfaced Pavement, Including  Porous Friction
deviation(s) as follows (1): Surfuces—TIndividually inspect each sample onit chosen.
e - Sketeh the sample unil, including orientation. Record the

v o S IPCE - POl @ branch and section number, and number and type of the sample

S =) undl (random or additional). Record the sample onit size
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measured with the hand odometer, Conduet the distress inspec-
{ion by waiking over the sample vait being surveyed, measur-
ing the quantity of cach severity level of every distress type
present, and recording the data. Distresses must correspond in
Lypes and severities (o those described i Appendix Xi. The
methed of measurement s inclnded with cach distress descrip-
tion. Measurements should be made to 0.1 [t (30 mm) with
the hand edometer. Summarize cach distress Lype and severily
level in either square feet or linear fect (square meties or lincar
metres), depending on the type of distress, Repeal this proce-
dure for cach sample vnil to be inspected. A blank “Flexible
Pavement Condition survey Data Sheet for Sample Unit” is
included in Appendis X5,

8.3 pPCC Puvemenis—Individually tnspect each sample vnil
chasen. Sketeh the sample uni showing the location of (he
slabs. Record the sample unit size, branch #nd section number,
number and type of the sarple unit (random or additional), the
oumber of slabs in the sample unit, and the slab size measured
with the hand odometer, Perform the mspection by walking
over guch slab of the sample unit being surveyed and recording

ail distresses existing in the slab along with their severity level,
The distress (ypes and severilies must correspond with those
described in Appendix X2. Summarize the distress types, their
severity levels, and (he number of siabs in the sample unit
containing each type and severity level, Repeal this procedure
for each sample unit to be inspecied. A blank “Yointed Rigid
Pavement Condition Survey Data Sheet for Sample Unil” is
included in Appendix X5,

2. Caleulation of PCT for AC Pavement, Including
Porous Friction Surfaces

9.1 Add vp the total quantify of each distress type at each
severity level, and record them in the “Total Severities”
section. For example, Fig. 4 shows four entries for the Distress
Type 8, “Longitudinal and Transverse Cracking:” OM, 0L,
20L, and 1SL. The distress at each severity level is summed
and entered in the “Taal Severity” section as 45 ft (14 m) of
low severity, and 9 It (3 m) of medium severity “Longitudinal
and Transverse Cracking.” The units for the quantities may be

AIRFIELD ASPHALT PAVEMENT
CONDITION SURVEY DATA SHEET
FOR SAMPLE UNIT

SKETCH:

BRANCH BECTION
SURVEYED BY. DATE

SAMPLE UN(T.

SAMPLE AREA 5000 3%

1. Alllgator Cracking 5. Depression

9. Oll Spillage 13, Rutting

2. Bleeding
3. Block Cracking

8. Jot Blast
7. Jt. Reflection (PCC)

10, Patching

: 14. Shoving from PCC
11. Polished Aggregate

15. Slippage Cracking

4, Corrugation 8, Long. & Trans, Cracking 12. Ravellng/Weathering 16, Swell
DISTRESS DENSITY | DEDUGT
SEVERITY| QUANTITY TOTAL % VALUE
HL \0 20 i3 45 0% | 4.8
8M | 9 q 018 | 49
‘Lo =0 50 L.oo | 2o
[y 200 \715 %75 150 | 27.0
[3M | 25 ' 25 0.90 | 20.0
S L |5 '| 5 8.%0 2.0
SV | 20 20 cdo | 9,0
0L | So : 5o (.00 4,0

FiGi. 4 Example of a Flgxibla Pavement Candition Survey Data Shest
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cither in square feet (square metres), linear feet (metreg), or

number of aceurrences, depending o the disiress type.

9.2 Divide the (olal quantity of each distress type at each
severity level from 9.1 by (he tolal area of the sample unit and
multiply by 100 10 ubtain the percent density of eacl distress
type and severity.

9.3 Determine the deduct value (DY) for each distress Lype
and severily level combination from the distress deduct value
curves in Appendix X 3.

9.4 Delermine {he maximum corrected deduct value (CDVY:

9.4.1 1I'none or oaly one individual DV iz preater than five,
the total value is used in place of the maximum CDV in
determining PCI; otherwise, maximum DV must be deter-
mined using the procedure descrihed in (his section. The
procedure for determining maxinum CDV from individual
DVs is identical for both AC and PCC pavement types.

9.5 PCI Culcalation:

9.5.) [f none or anly one individual DV is greater than five,
use the total DV in place of the maxicium CDV in determining
PCY, otherwise use the following procedure to determine Max
v

9.5.1.1 Determine m, the maximum allowable number of
distresses, as follows:

=1+ (995) (100 — #DVY =< 10 {4)
el (9A5EHH00 - 27) = 7.02 5
HDV =highest individual DV ©)

2.5.1.2 Bnier m fasgest DVs on Line | of the following
table, including the fraction obtained by multiplying the last
DV by the fractional portion of m. TF less than m DVs are
available, enter all of the DVs,

2.5.1.3 Sum the DVs and enler it under “Total”. Count ihe
number of DVs greater than 5.0 and cater it under “gy”,

2.5.1.4 Look up the approprite correction curve (AC or
PCCY with *Total” and “4™ to determine CDV.

9.5.1.5 Copy DVs on current line to the next line, changing
the smallest DV greaier than five ta five, Repeat 9.5.1.3 and
D514 until "y = |,

9.5.1.6 Maximum CDV is the largest value in the “CDV”
columu.

9.9.2 List the individual DVs in descending order. For
example in Fig. 4 this will be: 27.0, 21.0, 20.0, 9.0, 4.9, 4.8,
4.0, and 2.0

9.5.3 Determine the allowable number of deduacts, m, from
Fig. 5, or using the following fonmulas:

mo R (GR5) (100 — HY) (N

where:
i

H

allowabie number of deducts including fractions
o (must be less than or equal to ten), and
HDV = highest individual DV,

For the exampic in Fig. 4;

o= (RS O00 — 27.0) = 7.92 (8)

9.5.4 The number of individual DVs is reduced (o the
largest DV, inclading the fructional part. For example, for 1lie
values in Fig, 4. the vilueg are: 27.0, 21.0, 20.0, 9.0, 49 48,

Adjustment of Number of Deduct Values

No. of Deduc! Vahues
12;

m=1+{9/06)+{(100-Max BV)

o 20 40 80 aa 100 iz0
Highest Deduct Value

FIG. 5 Adjustment of Number of DVs

4.0, and 1.8 (the 1.8 was obained by multiplying 2.0 by
(7.92 - 7=0923). If less than m DVs are avatlable, all of the
DVs are used.

8.5.5 Delermine maximuim CHV iteratively as follows: (sec
Fig, 6)

9.5.5.1 Determine the total DV by semming individual
D¥s. The total DV is obtained by adding the individual DVs in
9.5.4, that is 92.5.

9.5.5.2 Determine g; ¢ is the numbey of deducts with a value
grealer than 5.0, For the example in Fig, 4, ¢ =4.

%.5.5.3 Determine the CDV from ¢ and total DV determined
in %557 and 9.5.5.2 by looking up the appropriate correction
curve for AC pavements in Fig. X3.19 in Appendix X3.

9.5.5.4 Reduce the smaflest individual DV greater than 5.0
to 5.0 and repeal 9.5.5.1-9.5.5.4 uniil g =1

# Deduct Values Tolall 4 C;’
1 o k210(300[ 94 |0y 4% [40 |18 259 lene
2 Iiof|mofae0] 50 49 1481 wa ia W3] D lsep
3 f[rrofnelss|se 49 48 | so | ia mEl 2 [se
4 latofsa [sotge 43018 [0 | iy s150 v s
5
]
7
B
9
10
— e
Hnx COV - 515
PCL = 100 — May cDy = Y415
RATIHG = _Fag

FIG. 6 Calculation of Corrected PCH Value—Flexihle Pavement
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$.5.5.5 Maximum CDV is the lavgest of the CDVs deter-
mined in 9.5.5.4-9.5.5.4,

2.6 Calculale PCI by subtracting the maximum COV from
100 (PCI = 100 - mux CDV),

9.7 Fig. 6 shows a summary of PCT calculation for the
example AC pavement data in Fig. 4. A blank PCi calculution
form is ineluded in Appendix X5,

10. Calentation of PCI for PCC Pavement

L1 For each usique combination of distress type and
severity level, add up the total number of siabs in which they
ocewr For example i Fig, 7, there are two slabs containing
low-severity comer break,

0.2 Divide the number of siabs from 10, by the total
number of slabs in the sample unit and nraltiply by 10¢ o
oblain the percent density of each distress type and severity
combination,

10.3 PO Caleulation;

10.3.1 1 nove or oaly one individual DV is greater than
five, use the [otal DV jn place of the maximwm CDV in
determining PCE; otherwise use the following procedure to
delermine max CDV;

10.2.1.1 Petermine m, the maximum allowable number of
distresses, as follows:

=1 -E(9/95) (100 ~ HHV) = |0 *
=1+ (995} (100 - 32.0) = 7.44 [13)]
HDW = highest individual DV (I
AIRFIELD CONCRETE PAVEMENTS
CONDITION SURVEY DATA SHEET FOR SAMPLE UNIT
BRANCH SECTION, SAMPLE WT___I___
SURVEYED BY LMB__ DATE_\E el 47 SAMPLE ARER 13 225"
Dlstregs Typay SKETCH: -
1, Piow up % Pumging
. Coraer Braak 10, Jeabing/Mip Crack!
3. LanpiTram} ] L] -
Disgenal Cragk i1, EstilamanifFaut
4, Durabllity Crack 13, Shattarec Shb 10
3. Joint Bsal Damags 13. Shrinkage Ceach
b. Paiching, B o 14, Spating-Jalnly . »
7. Patching /ety Cul 15, Spating-Comnar L1
5. Popoun 9
y— [ L3
DT sEV HO. | DENEITY | DEOUCT L fzL
TYPE SLARE % WALUE B
& H Zo oo 2.0 . -
2 v 2 10 8.0 B 7
1 bl L El 4.0 " .
3 L 3 15 .o faL | 3t .
2 ™ 5 25 32.0 » .
is L 3 15 60 fre freu 5
it L 2 o 3.0 » -
| v \ 5 0.0 e g .
{51
——d [ .
M oy 3
L L]
o | M 2
- -
WM s 1
. »
B 1 2 | 4

FIG. 7 Example of a Jointed Rigld Pavement Condition Survey
Data Sheet

{0.3.1.2 Enter m largest DVs on Line { of the following
{uble, including the {raction obtained by muliiplying the last
DV by the fractional portion of m. If less than m BVs are
available, enter all of the DVy,

10.3.1.3 Sum the DVs and enter it under “Total”. Count the
rumber of DVs greater than 5.0 and enter i| wnder 7

t0.3.1.4 Look up the appropriate correction curve (AC or
PCCY with “Total” and “q” to determine CDV.

10.3.1.5 Copy DVs on current line Lo the nex{ line, changing
the smalicst DV preater than five (o five, Repeat 10.3.1.3 and
1L.3.1.4 until “g" =1,

[0.3.1.6 Maximum CDV is the largest value in the “CT3v"
columa,

10,4 Determine the DVs for each distress type scverity level
combination using the corresponding deduct cusve in Appendix
X4,

10.5 Delermine PCI by following the procedures in 9.5 and
9.6, using the correction curve for PCC pavements (sce Fig,
X416 in place of tie correction curve [or AC pavements in
9.5.5.3,

10.6 Fig. 8 shows a summary of PCI calculation for the
example PCC pavement distress data in Fig. 7,

11. Determination of Section PO

111 Tf all surveyed sample onils are selected randomby, then
the PCT of the section (PCL,) is calculated as the arca weighted
PCIL of the randomly surveyed sample units (PCT) using Eq i2:

,EI(PCIH : An')

PCI, = PET=

{12)

i
fglA”
# Deduct Values Tolal| q Cbﬂ
1 0 efinelas Qe fea|pp [ Wy 7 St 1
2 Asee o] |eo an | &olse 1.3 83| & (see
3 etlnolyolwef qotsolse [K:3 253 | 5 {sB.0
& || srofcro]| ue]ion] so sef{solis a3 4 lsno
B [secliuof walse|ss st [so0fi1y 73| 3 910
6 NHi1a|120]| sofs0lsn 56503 03] 2 {eo
T ol zolso|s50]sa so{s0 |13 a0 633
B
9
10
Hox GOy - LY3
PCI = LO0 - Hax CDY - A3
RATING = Pawve. .
FIG. 8 Calculation of Corrected PCI Valus—Jolited Higid
Pavement
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where;

PCI, = mea weighted PCI of randomly surveyed sample
unils,

PCL = PCT ol random sample unit 7,

A, = area of rundom sample unit |,

n = number of random sample units surveye,

IF additional sample wnits, as defined in 2,11, are surveyed,
the arca weighted PCE of the surveyed additional units
( PCL ) is caleulated using Eq 13, The PCT of the pavement
seetion is caleulated using Bq 14,

m

(13)

m n
PCLA - [EIAM) + PCI“(’E'A“,)
PCI = - yi (14}

PCT, = area weighted PCT of additional sampie units,
PCT, = PCI of additional sample unit 7,
A = arcit of additienal sample unit 4,

o

A area of section,
m = number of additional sample units surveyed, and
PCI = area weighted PCT of the pavement section,

1.2 Determning the overall candition rating of the section by
using the section PCI and the condition rating scale in Fig, 1,

12, Report

12.1 Develop a summary report for each section. The
suminary lists section iocation, size, lotal number of sample
units, the sample units inspected, the PCIs obtained, the
avetage PCI Jor the section, and the section condition rating,

13, Precision and Bias

13.1 Precision—AL this time, no precision eslimate lyas
been oblained from statistically designed (ests, This statenient
is subject to change in the next five years {see Note 1).

13.2 Bias—No siatement concerning the bias of the (est
method can be established al this time.

Nowe | —Using this test metho, inspectors should identily distress
lypes wecuralety 93 % of the time. Linear measurcmends should he
considered accurate when Lhey are within 10 % i remensured, and arca
measurements should be considered accurate when they are within 20 %
il remeasured.

APPENDIXES

{(Nonmandatory Infermation)

X1. PAVEMENT CONDITION INDEX (PCI) AC AIRFIELDS

Nore X t-~The sections in 1his appendix are arcanged in the follow-
ing order:

Saclion
Alligator Cracking Xi1.2
Bleadlng X1.3
Block Cracking Xi4
Corrugation Xi5
Deprassion X8
Jet-Blast Erosion X7
Joint Rellection Cracking %18
Longitudinal and Transverse Cracking X9
Ol Splllags X110
Patehing and Ulifity Cut Fatching X111
Pulished Aggregals X112
Ravofing and Waathering X1.13
Rulling X114
Shoving %1.15
Slippage Cracking X1.16
Swell X117

XLI Distresses in Asphalt Pavement—Sixicen distress
types for AC pavements are listed alphabetically. During the
lield condition surveys and the validation of the PCI, several
questions were often asked regarding the identification and
teasurement of’ some of the distresses, The answers [0 most of
fhese  questions wre included under the section “How To
Meusure”, for each distress. For convenicnee, however, the
items that are frequently referenced are listed as follows:

XKLL Spulling as used in this tesl method is the further

breaking of pavement or loss of materials around cracks or
joinls,

X112 A crack filler is in satisfactory condition if it is
intact. An intact (ilfer prevents water and incompressibles lrom
entering the crack,

KLL3 1F a crack does not have the same severily level
along its enlite length, each portion of the crack having a
different severity level should be recorded separaely, If how-
ever, the different levels of severily in a portion of a crack
cunnol be easily divided, that portion should be rated at the
highest severity level present.

XLEA T “alligater cracking” and “rutling” occur in the
same arca, cach is recorded at ils respective severily level.

XLLS I *bleeding” is counied, "polished aggregate’ is net
counted m the same area.

X1.1.6 "Block cracking” includes all of the “longitudinal
and transverse cracking” within (he area; however, “joint
reflection eracking™ is recorded scparately.

X1.L7 Any distress, including cracking, Tound in a palched
arei is not recorded; however, its effcet on the patch s
considered in determining the severity level of the parch.

X118 A significant amount of poiished aggregate should
be present before it is counted.

X1.1.9 Conducting 2 PCI survey immediately alter the
application of surface treatment is not meaningful, because
surlface reabments mask exisling distresses,

XLi10 A surface treatment thar i coming oft should be
counted as “raveling,”
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X1 AT A distress is said to have “forcign object damage™
(FOBY poiential when surficial material is in a broken or loose
state, such that the possibility of ingestion of the material into
an engine is present, or the potential for freeing the malterial
due to tralficking is present,

XL LI2 Sections X1.1.1-X1.1.11 arc not intended Lo be a
complete tist. To properly meusure each distross type, the
iuspector must be familtar with its individual measurenent
criteria.

X1.2 Alligwor or Fatigue Cracking:

X120 Description—Alligator or fatigue cracking is a se-
ries of interconnecting cracks caused by latigue failure of the
AC surface imder repeated waffic leading. The cracking ini-
tiates at the bottom of the AC surface (or stabilized base) where
tensile stress and strain are highest under a wheel load. The
cracks prapagate to the stface initially as a series of parallel
eracks. Afler repeated traflic loading, the cracks connect,
forming many-sided, sharp-angled pieces that develop a pat-
forn resembling chicken wire or the skin of an alligator, The
pieces are less tan 2 ft (0.6 n) an the longest side,

X122 Alligatos cracking occurs only in areas thal are
subjected 1o repealed talfic loadings, such as wheel paths.
Therelore, it would aot occur over an entire aren uniess the
culire aren was subjected to tralfic loading. (Patlern-type
cracking that gecurs over an entire area that is not stibjected to
leading is rated as block cracking, that is, not a load-associated
dlisiress.) ’

XE2.3 Alligator cracking is considered a Major structural
distress,

XL24 Severity Levels;

1248 L tLow)—Tine, longitudinal hairline cracks run-
ning parallel & one another with none or ouly a few intercon-
necling crucks. The cracks are not spatled (see Figs, X1.1-
X3,

X1.2.42 M (Modiun)— Further development of light alli-
gator cracking into a pattern or network of cracks that may be
lightly spalied, Medium-soverity alligator cracking is defined
by & well-defired pattern of interconnecting cracks, where all
picees wre securely held in place (goud aggregate interlock
between picces) (see Figs, X14-X1.8).

erlty Afllgator Cracking {Note the
Depresslon Qecurring with the Cracking)

X1.243 H (High)—Network ar pattern cracking has pro-

.h-‘ rms e gressed so that the picces are well defined and spatled al the
R | S AR edpes; some of the pieces rock under tralfic and may cause
FiG. X1.1 Low-Severity Alligator Cracking FOT» polential (see Fig. X1.9),

9
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um-Saverity Alligator Cracking, Approaching High
Savoerity (Example 2)

should be measuwred and recorded separately. However, if the
different levels of severity cannot be easily divided, the entire
area should be rated at the highest severity level present, IT
alligator cracking and rutting oceur in the same area, cach is
recorded separately 4s its respective severity fevel.

X13 Bleeding:

X131 Description—Bleeding is 2 lm of bituminous ma-
terial on the pavement suiface that creates a shiny, glass-like,
reflecting surface that usually becomnes quite sticky, Blesding is
caused by excessive amounts of asphaltic cement or Lars in the
mix or low-air void content, or both, Tt oceurs when asphall
fills the voids of the mix during hot weather and then expands
out onto the surface of the pavement. Since the bleeding
¢ process is net reversible during cold weather, asphalt or tar will
everity Alligater Cracking, accumulate en the surface.

Severity (Example 1) X1.3.2 Severity Levels—No degrees of severity are defined
(see Fig. X1.10 and Fig, X1.11),

X1.3.3 How 1o Meuasure—Bleeding is measured in square

feel (square metres) of surface areq,

X235 How 1o Measyre— Alligator cracking is measured in
square feet {square metres) of surface ares. The major difficulty
i measuring this type of disucss is thal many fmes (wo or X1.4  Block Cracking:
three levels of severily exist within one distressed area, [f these X141 Descriprion—DBlock cracks are

interconnected
portions can be casily distinguished from owe another, they  cracks that divide the pavement into

approximalely rectangular

[
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normally occurs over a large portion of pavement arca, but
somelimes will occur onby in nontraffic arcas. This type of
distress differs from alligator cracking in thar the alligator
cracks form smaller, tany-sided pieces with sharp angles. Also
unlike block cracks, alligator cracks are caused by repeated
teaffic loadings and are, therefore, located only in traffic areas
(that is, wheel paths).

X1.4.2 Severity Levels:

X1.42.1 L—Blocks are defined by cracks that are nonspal-
led (sides of the erack are vertical) or lightly spalled, causing
no FOD potential. Nonfilled cracks have % in, {6 mm) or less
mean width and filled crucks have filler in satfsfactory condi-
tion {see Figs. X1.12-X1.15),

X1.4.2.2 M—Blocks are defined by either: filled or non-
filled cracks that are moderaiely spalled (some FOD potential);
nonfilled cracks that are not spalied or have only minor spalling
(some FOD potential), but have 2 mean width greater than
approximately V4 in, (6 mm); or filled cracks greater than Ya jn.
that are not spalled or have only minor spaliing (some FOD
potential), but have filler in unsalisfaclory condition (see Fig.
X116 and Fig, X1.17),

X1.4.23 H—Blocks are well defined by cracks that are
severcly spalled, cavsing a definite FOD potential (see Figs,
X1.18-X1.20).

X1.4.3 How o Measure—Block cracking is measwed in
square feel (square tnetres) of surface area, and usually occurs
al one severity leved in a given paverent section; however, any
areas of the pavement section having distinctly different levels
ol severity shouid be measured and recorded separately. For
asphalt pavements, not including AC over PCC, if block
cracking is recorded, no longitudinal and wansverse cracking
should be recorded in the same aren. For asphait overlay over
conerele, block cracking, joint reflection cracking, and tongi-
tudinal and fravsverse cracking reflected from old concrete
should all be recorded scparalely.

XV3  Corrugarion:

X1.5.1 Description—Corrugation is a serics of closely
spaced ridges and valleys (tipples) oecurring al fairly regular
intervals (uswaily less than 5 ty (1.5 m) along the pavement,
The ridges are perpendicular to the traffic direction, Tralfic

pieces. The blocks may range in size from approximately 1 by
Vo by 10 1t (0.3 by 0.3 m to 3 by 3 m). Block cracking
is caused mainly by shrinlkage of the AC and daily temperature

eycling (that resulis in daily stress/strain cycling). It is not load T ¥
associated, The occurrence of block cracking usually indicates - — ' BER G .
thiat the asphalt has hardencd significantly. Block cracking FIG. X1.13 Low-Severity Block Cracking, Filled Cracks
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FIG. X1.15 Low-Severity Block Cracking, Sm
Halrllne Cracks

FIG. X1.16 Medium-Severlty Block Cracking

action combined with an unstuble pavement surface or base
usudly causes this type of distress.
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FiG. X1.19 High-Severlty Block Cracking

X1.5.2 Severity Levels;

X1.3.2.1 L—Conrugations are minor and do not signifi-
camly affect ride qualily (see measurement criteria below) (see
Fig, Xt.21).
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FIG. X1.20 High-Sevarity Block Cracking

FIG. X1,23 High-Severlty Corrugation

X1.5.3 How to Measure—Corrugation is measured in
square feel (square metres) of surface area. The mean elevation
difference between the tidges and valloys of the corrugations
indicates the level of severity, To determine the mean elevation
difference, a 10-f1 (3-m) straightedge should be placed perpen-
dicular to the corrugations so that the depth of the valleys can
be measured in inches (millimetres). The mean depth is
calculated from five such measurements.
Runways and High-Speed

Severity Taxiways Taxiways and Aprons
L < Y in. {6 mim) < Ve in. (13 mm)
M Valo Y2 in. (8 t¢ 13 mm) Yeto 1in. {13 lo 25 mm)
H > ¥z in. (13 mm} =1 in. (26 mm)

‘ X1.0 Depressidn:
FIG. X1.21 Low-Severity Corrugatlon In the Foreground, X1.6.1 Description—Depressions arc localized pavement

Ghanglng to Medium and High in the Background surface areas having elevations slightly lower than those of the
sureounding pavement. In many instances, light depressions are
nol noticeable until after a rain, when ponding water creates
“birdbath” areas; but the depressions can also be located
wilhoul rin because of stains created by ponding of water.
Depressions can be caused by settlemient of the foundation soi
or can be built during construction. Depressions cause rough-
vess and, when filled with waler of sullicient depth, could
canse hydroplaning of aircrafl,

X1.6.2 Severity Levels:

X1.6.2.1 L—Depression can be observed or locuted by
stained areas, only slightly affects pavement riding quality, and
may cause hydroplaning potential on runways (see measure-
ment criteria below) (see Fig. X [.24).

X1.6.2.2 M—The depression can be observed, moderately
affects pavement riding quality, and causes hydroplaning
potential on mmways {(see measurement criteria below) (see
Fig, X1.25 and Fig, X1.26).

X1.6.2.3 H—The depression can he readily observed, sc-
verely affects pavement riding quality, and causes definite
hydroplaning potenlial (sce meuasurement criteria below) (see
Fig. X1.27).

X1.6.3 How 1o Measure-—Depressions are measured in
. ek ‘ square feet (square metres) of swface area. The maximum
FIG. X1.22 Medium-Sevetity Gorrugation depth of the depression determines the level of severily. This

X1.5.2.2 M—Corrugations are noticeable and significantly
alfect ride quality (sce measurement criteria below) (sce Fig,
X1.22),

X1.5.23 H—Corrugalions are easily noticed and severely
aflect ride quality (see measurement crileria below) (see Fip.
X1.23).
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FIG. X1.27 High-Severity Depresslon {2 In, (50 mmy))

Maximum Depih of Dapression
Runways and

Soverily High-Spacd Taxiways Taxiways and Aprons
L Yito ¥ in, (3 to 13 mm) Vato 1in. (13 o 25 mm)
M Yalo tin {13 1o 25 mm) to2in. (2510 51 mm}
H » 1 1r (> 26 mm} >2in, (» 51 mm)

X171 Jet-Blast Erosion:

X101 Description—IJet-blast erasion causes darkened ar-
eds on the pavement surface where bituminous binder has been
buroed or carbonized. Localized burned aress may vary in
depth up to approximately % in. (13 mimn).

X1.7.2 Severity Levels—No degrees of severity are defined.
Itis suffictent to indicate that jet-blast erusion exists (see Fig,
X1.28 and Fig. X1.29).

X1.7.3 How to Measure—IJet-blast erosjon is measured in
square feet (square metres) of surface area,

X183 Joint Reflection Cracking From PCC (Longitudinal
and Tronsverse);

XLB.1 Deseription—This distress occurs only on pave-
ments having an asphalt or tar surface over a PCC slab, This
category does not include reflection cracking from any other

¥ b7

FIG. X1.26 Medlum-Severity Depression

depth can be measured by placing a 10-ft (3-m) straightedge
across Lhe depressed aren and measuring the maximum depth in
inches (millimetres). Depressions larger than 10 It {3 m) across
must be measured by using a stringline; FiG. X1.28 Jet-Blast Eroslon

) 4
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FiG. X1.32 Low-Severlty Joint Reflection Cracking, Nonfliled

FIG. X1.30 Low-Severity Joint Reflection Craeking

type of base (thal is, cement stabilized, lime stabilized). Such

cracks are fisted as longitudinal and transverse cracks, Joint

reflection cracking is cavsed mainly by movement of the PCC

stab beneath the AC surface because of thermal and moisture

changes; it is not load-related, However, traflic loading may T
cause o breakdown of the AC near the crack, resulting in
spalling and FOD potential, IT the pavement is fragmenied
along a crack, the crack is said to be spailed. A knowledge of
sfab dimensions beneath the AC surface will help to identily
these cracks.

X1.8.2 Severity Levels:

X1.8.2,0 L—Cracks have only light spalling (lidle or no
FOD polential) or no spalling, and can be filled or nonfilled. If
nonfitled, the cracks have a mean width of ¥ in. (0 mm}) or
less; lilled cracks are of any width, but their filler maresai is in
satisfactory condition {see Figs. X1.30-X1.32),

X1.8.2.2 M—0ne of the following conditions exists: cracks

we moderately spalled (seme FOD potential) and can be either FIG. X1.33 Medium-Severity Joint Refisction Cracking
filled or nonfilled of any width; fitled cracks are not spalled or
are: lightly spalled, bul filler is in unsatisfactory condition; X1.B.23 H-Cracks are severely spalled with picces loose

nontitled eracks are not spalled or are only lightly spalled, bt or missing causing definite FOD peteatial. Cracks can be either
the mean crack widllh is greater than % in, (6 mm); or light  filled or nonfilled of any width (see Fig, X1.36).
randarn cracking exists near the crack or at the corners of X1.8.3 How to Measure—Ioint reflection cr

. . . racking is mea-
Intersecting cracks (see Figs. X1.32-X1.35), sured in linear feet {metres),

The length and severily level of

15
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levels of severity in a portion of a crack cannot be easily
divided, that portion should be rated ai the highest severity
prescat.

X1.9  Longitudinal and Transverse Cracking (Non-PCC
Joint Reflective):

XLOA Deseriprion—Longildinal cracks are parallel to the
pavement’s center line or laydown direction. They may be
caused by (7} a poorly constructed paving lane joint, (2)
shrinkage of the AC surlace due o low lemperatures or
bardening of the asphalt, or {3) a reflective crack caused by
cracks beneath the surface course, including cracks in PCC
slabs (but not at PCC joins). Transverse cracks extend across
the pavement at approximaiely right angles o the pavenent’s
center line or direction: of laydown, They may be caused by (2)
o {3). These Lypes of cracks are not usnally load associated, IF
the pavement is fragmented along a crack, the cruck is said 1o
be spailed,

X1.9.2 Severity Levels:

X1.9.2.1 L—Cracks have oply light spalling (little or no
TOD potential) or no spalling, and can be filed or nonfilied. Tf
nonfilled, the cracks have a mean width of Y in, (6 mm) or
less; filled cracks are of any width, but their fller material is in
satisfuctory condition (see Fig. ¥1.37 and Fig, X1.38).

X1.822 M—Onc of the following conditions exists: (N
cracks are moderately spatled (some FOD polential) and can he
cither fitled or nonfilied of any width; (2) filled cracks are not
spalled or are lightly spatled, but fller is in unsatisfactory
condilion; (3) nonfilled cracks are not spalled or are only
lightly spalled, but the mean crack widih is greater than V4 in.
(6 mm), or (4) light random cracking exists near the crack or al
the cotners of intersecting cracks (see Figs. X1.39-X1.41),

X19.23 H—Cracks are severely spalled and pieces are
loose or missing causing definite FOD potential, Cracks can be
either filled or nonfilled of any width (see Fig. X1.42).

X1.9.3 Porous Friction Courses: Severity Levely:

X1.93.0 L—Average raveled area around the crack is less
tharr Y4 in, (6 mm) wide (see Frg. X1.43),

X1.9.32 M—Average raveled area around the erack ig
between Yo 1 in. (6 o 25 mu) wide (see Fig. X1.44),

each crack should be identified and recorded. If the crack does
nol have the same severity level along its entire length, cach
portion should be recorded separately. For example, a crack
that i 50 1115 m) lomg may have [0 [t (3 ) of ahigh severity,
20 £t (6 m) of a medium severity, and 20 fi (6 m) of a light

s
severity. These would all be recorded separittely, [f the different FIG. X1.37 Low-Sev

erlty Longitudinal Crack

) ) 16
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FIG. X1.41 Medium-Severity Longltudinal Crack

Medium

B e
FIG. X1.39 Medlum-Severity Longitudinal Construction Jaint
Crack X1.94 Hew to Measure—Longitudinag ond transverse
cracks are measured in lincar feer (metres). The length and
severity of each crack should be identificd and recorded, Tf the
crack does not have the same severity level alony its entire
length, each portion of the crack having a different severity
level should be recorded separately, For an example see “Toint
Reflection Cracking.” IT block cracking is recorded, fongitudi-
nal and wangverse cracking is not recorded in the samc area,

X110 Qi Spillage:

X110 Description—0Qil spillage is the deterioration or
sofiening of the pavement surlace caused by the spilliag of ofl,
fuel, or other solvents,

X1.10.2 Severity Levels—No degrees of severity are de-
tined. 1L is sutficient to indicate (hat oil spillage exists (see Fig.
X146 and Fig. X1.47).

X1.103 How to Measure—oOil spillage is measured in

- square fect (square metres) of surface arca. A stain is not a
FIG. X1.40 Medlum-Severity Longitudinal Crack (Note the Crack distress unless material has been lost or binder has been
* s Roflective But Not at the Joint of Siab) soflened. If hardness is approximately the same as on sur-
rounding pavement, and if no marerial has been lost, do not

record ag o distress,

X1.933 H—Average raveled ares around the crack is
greater than 1 in, (25 mm) wide (see Fig. X1.45), XLAL Patching and Utility Cur Pateh:

i7
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-48 Ofl Splilage

FIG. X1.47 Ol Spillage

FIG. X1.44 Medium-Severity Crack In Parous Frictian Course X1.0.22 M-—Paich is somewhat deteriorated and alfecty
ride quality o sone extent. Moderate amount of distress is
XLV Deseription— A paich is considered a defect, np present within the patch or hay FOD Petential, or both, (see
maiter how well it is performing, Fig. X1.51),
XLI1L2 Severity Levels:
XIM20 L—Puach is in good condition and is performing
sitltsfactorily (see Fips. X 148-X1.50).

X1.11.23 H-~Patch is badly deteriorated and affects ride

quality significantly or has high FOD potential. Patch soon
needs replacement.
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FIG. X1.51 Medium-Severliy Patch

gh-Severlty Patch

FIG. X1.52 Hi

FIG. X1.4% Low-Severity Patch

it N4
‘%3‘2‘, E”i’»“}.

H

v e AR FIG. X1.53 Pollshed Aggregate
Law-Saverity Patch with Medlum-Severity Portion

AULL3Y Porous Friction Courses—The use of dense-graded should be rated as medium severity due o the djfferentizl
AC patches in porous friction surtaces causes a waler damming [Tiction problem, Medium- and high-severily patches are rated
effect at the patch which contributes 10 differential skid the same as above.
resistance of the surface. Low-severity dense-graded patches X114 How to Measure:

19
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ALALAT Paching is weasured in square feet (square
netres) of surface area. However, if a single patch has sreas of
differing severity levels, these areas should be measured and
recorded separately, For example, a 25-1* (2.5-m?) palch may
ave 10 A% (1 m% of medium severity and 15 £t (1.5 m3) of
low severity. These areas should be recorded separately, Ay
distress found in a patched area will not be recorded; however,
il cffect om the patch will be considered wheu determining the
pateh’s severity level.

XI.11.4.2 A very large patch, (area > 2500 F2 (230 %)) or
feathered-cdge pavement, may gualify as an additional sample
HniL or as a separale seclion,

X112 Polished Apgrepate:

X120 Descriprion—Agpregae pelishing s caused by
repeatcd Irallic applications. Polished aggregale is present
when close examination of a pavement reveals that the portion
of aggregate exlending above the asphali is either very small,
or there are no rough or angular aggregate particles 1o provide
good skid resistance.

X1.12.2 Severirv Levels—No degrees of severity are de-
fined, However, lhe degree of polishing should be clearly
evident in the sample unit, in that the aggregate surface should
be smooth 1o the ouch.

X1.12.3 How 1o Meastre—Polished agpregnie is measured
in square leet (square metres) of surface area, Polished
aggregale areas sheuld be compured visually with adjacent
nontrallic arcas. I the surface texture is substantially the same
in hoth traffic and nontraffic areas, polished aggregate should
nol be counted.

X3 Raveling ond Weathering.

X131 Description—Raveling and weathering are the
wearing away ol the pavement surface caused by the dislodg-
ing of agpregate particles and {oss of asphalt or tar binder, They
may indicate that the asphall binder has hardened significantly.
As used in (his test method, fine aggregate refers o aggregate
wilh a largest dimension less than ¥ in. (10 mm), and coarse
aggregate refers o aggregate with o smallest dimension grealer
than or equal Lo ¥ in. (10 MIE).

X132 Dense Mix: Severity Levels

X1.13.2.1 L-—(1) The surface is in generally good condi-
tion, but fine aggregate and binder have WOrn away exposing
the coarse agpregate. The comrse aggregate, however, is siill
firmly emhedded in the mix (see Fig. X1.54). (2) In a square
yard vepresentative sample. the number of coarse aggrepate
cees missing is between 5 and 20 (see Fig. X1.55). () In a
square yard representative sample, brushing one’s foot across
the surface doey not dislodge more than 20 coarse aggregale
Pieces. If in doubt, theee represeniative square yards should be
inspected and the nuber of missing pieces of coarse aggregate
counted,

XEE322 M—(/y In a Square yard representative sample,
the number of coarse aggregate picces missing is between 21
and 40 (see Fig. X1.56). (2) In a square yard representative
sample, brashing one's fool across the suiface  dislodges
between 21 and 40 coarse aggregate pieces. If in doubt, three

ASTM Int'l {ull rights reserved}; Fri Oct 5 13:07:31 EDT 2007

20

Thk

Fi

representative square yards should be inspected and the pum-
ber of missing picces of aggregate counte.

X1E3.23 H—(D) In a square yard representative sample,
ihe number of coarse aggregate pieces missing is over 40 {see
Fig. X137 (2) o a square yard representative sample,
brushing one's foel across the surface dislodges more than 40
coarse aggregate pieces. IF in doubt, three representative square
yirds should be inspected and the number of missing picces of
aggregate counted.

XE133 Swrfuce Treatment Over Dense Mix: Severity Lev-
els

XL13.3.0 L—(1) Scaled arex is less than | %, e.g. less than
3.5 by 3.5 in/yd®(less than 100 by 100 min/m®), (2) In case of
cold tar where pattern cracking hay developed, the tar surface
cracks are less than % in, (6 mm} wide (see Fig, X1 58).

K332 M—(7) Sealed area is between | and 10 % (see
Fig. XLA7). (2) In case of cold tar where pattern crocking has
developed, the tar surfuce eracks are Y4 in. (6 mm) wide or
grealer (see Fig. X1.59),

fi, Ine.) pursusnt (o License Agrecnient. No furtier reprodustions authorized.
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FIG. X1.57 High-Sevority Ravellng/Weathering, Dense Mix

X1.1333 H—(/) Scaled area is over 10 %, e.g. over 11.5
by 115 inJyd*(aver 300 by 300 mm/m?) (see Fig. X1.58 and

Fig, X1.59). (2) In case of cold tar, the tar sugface is peeling off

{sce Fip, X1.60),

X1.13.4 Porous Friction Conrses: Se verity Levels (see Figs.
X1.61-X1.65 )

X103.4.0 Low Severity—({) Number of missing small
aggregale clusters is between § and 20, and Intle or no FOD
poteatial is present or (2) nomber of missing large aggrepate
clusters does nol exceed 1, and little or no FOD polential is
present, or hoth.

X1.13.4.2 Medium Severiry-—(/) Number of missing small
aggregate clusters is between 21 and 40, and some FOD
potentinl is present or (2) number of missing large agaregate
clusters is greater than [ but less than or equal to 25 % of the
ane square fooi (0.0 square meter) area, and some FOD
patential is present, or both,

X1.13.43 High Severity—(1) Number of missing small
aggregate clusters is preater than 40, and definite FOD poten-
tial iz present or (2) number of missing large aggregate clusters

Copyright by ASTM It {all rights rescrved); Fri Oct 5 13:07:31 EDT 2007
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FIG. X1.68 Low-Severity Raveilng/Weathering, C

4

old Tar

S

FIG. X1,59 Medium-Severity Raveling/Weathering, Cold Tar

is greater than 25 % or the square fool area. and definiie FOD
potential is present, or both,

X1.13.5 How to Measure-—Raveling and weathering are
measurcd it square Teet (square metres) of surface area, T he
number of missing aggregate pieces should nol be counied if
they are associnted with a crack, instead they will be reflected
in the severity of the crack. Mechanical damuge cavsed by
equipment, such as snowplows, is counted as high severity,

X114 Rutiing:

X1.14.1 Description—A ot is a surface depression in the
wheel path. Pavement uplift may occur along the sides of the
rut; however, in many instances ruts are noticeable only after a
rainfall, when the wheel paths are filled with water. Rutting
stems from u permanent deformation in any of the pavement
tayers or subgrade, usually caused by consolidation ar lateal
movement of the materials cdue to traffic loads, Significant
rutting can lead to major structural failure of the pavement,

X1.14.2 Severity Levels:
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FIG. X1.62 Typlcal Porous Friction Course Surface with No
Ravellng/Weathering
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FIG, X1.63 Low-Severity Ravellng/Weatheting on a Porous
Friction Course Surface

FIG. X1.61 Typicat Porous Friction Course Surface with No
Raveling/Weathering

- 2T TG Y T B Toaid .

Mean Rut Depth Crileria FiG, X1.64 Medlum-Severity Raveling/Weatherlng on a Porous

Gevarily All Favament Sectlons Figuro Frietlon Course Surface
L Yain Yain. {< 6 1o 13 mm}) Fig, X'1.66 and Fig. X1.67
M >t iin (> 13t <25 mm)  Fig. X1.68 Ly 121
H = 1in. {» 25 mm) Fig. X1.68 and Fig. X1.70 depth measored. The mean depth in inches (millimetres)

should be compuied [Tom measurements taken along the length
of the rut. i’ alligator cracking and rutting occur in the same
area, cach is recorded at the respective severity level,

X143 How 1o Measure—Rutting is measured in square
feet (square metres) of surfuce aren, and its severity is
detesmined by the mcan depth of the rut. To determine the
mean depth, o straightedge should be laid across the rut and the X115 Shoving of Asphali Pavement Iy PCC Stabs:

22
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FIG. X1.66 Low-Severity Rutting

X150 Deseriprion—PCC pavements occasionally in-
crease in length at ends where they adjoin flexible pavements
{commanly referred to as “pavement growth"), This “growth”
shoves the asphalt- or tar-surfaced pavenents, causing them (o
sweil and crack. The PCC slab “growth” is caused by a graduai
opening up of the joints as they are filled with incompressible

FIG. X1.69 High-Saverity Rutting {Note Alllgator Cracking
materiuls that prevent them from reclosing. Assactated With Rutting)

X1.152 Severity Level:

Note X1.2—As a guide, the swell tuble (above) may be used to
determine the severily levels of shoving. AL the present time, no significunt
Severity Heignt Differentiaf research has beer conducted to quantify levels of severily of shoving,
L < ¥ in. (< 20 mm)
M Yeto 1% In, {> 20 to 46 mmy)

X152 LA slight amount of shoving has oceurred and
H = 1% in. (= 40 mm)

1o breakup of the asphall pavement {see Fig. X1.71).
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FIG. X1.71 Shove of Low Severity on the Outside and Medium
Severity In the Middle

X1.15.22 M--A significant smount of shoving has oc-
curred, causing moderate roughness and little or no breakup of
the: asphall pavement (sec Fig. X1.71).

XL15.23 H—A large amount of shoving has occurred,
causing severc roughness or breakup of the asphalt pavement
(sce Fip. X1.72).

X1.15.2.4 How ter Meastire Shoving is measured by deter-
mining the ares in square feet (square metres) of the swell
caused by shoving.

Xt.la Slppage Crucking:

ALI6.1 Description—Slippage cracks are crescent- or hali-
moun-shaped cracks having two ends pointed away rom the
direction of traflic, They are produced when braking or tuming
wheels cause the pavement surface lo slide and deform. This
usually occurs when there is a low-strength surface mix or poor
boud between Lthe surface and next layer of pavement structure.

KLI62E Severity Levels—No degrees of severily are de-
fined. 11 is sufficient 1o indicale that a slippage crack exists (see
Fia. X173 and Fig, X1.74).

X116.3 How to Measure—Slippage cracking is measured
in square feet (square metres) of surface arei.

Conyright by ASTM Int') {alf vights reserved); Fri Oct § [3:07:31 EDT 2007
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FIG. X1.72 High-Severity Shoving

FIG. X1.74 Slippage Cracking

X117

X117 Deseriprion—Swell is characterized by an upward
bilge in the pavement’s surface. A swell mily cccur sharply
over & small area or as a longer, gracual wave. Either type of
swell can be accompanied by surface cracking. A swell is

Swell-Dixtress:

her reproductions aulhorized,
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< 349 INCH FOR
RUNWAYS

LOW SEVERITY SWELL ON RUKWAY

FIG. X1.75 Low-Severity Swel

usually caused by [rost uction in the subgrade or by swelling
s0il, but a small swell can also oceur on the surface of an
asphall overlay (over PCC) as a result of a btowup in (he PCC
slaly,

K172 Severity Levels:

X017.2.0 L—Swell is barcly visible and has & minor effcct
on the pavemenl’s ride quality. (Low-severity swells may hot
always be observable, but their existence can be confirmed hy
driving & vehicle vver the section. An upward dcceleration will
oceur if the swell is present) {sce Fig, X1.75).

X1.17.2.2 M—Swell can be observed without difficulty and
has a significant cilcet on the pavement’s ride quality (see Fig.
X1.70),

X1.17.23 H—-Swell can be readily observed aud severely
affects the pavement’s ride quality (see Fig. X1.77 and Fig.
X1.98).

X173 How to Meusure:

K1.17.3.1 The surlace area of the swell is measured in
square feet (square metres). The severily rating should consider
the type ol pavement section (lhal is, runway. taxiway, or
apron), For example, a swell of sufficient magnitude to cause

et oo IR o crvraini by e wmiessin g T g sy «va T

WES

both ends are equal distance above pavement. Measure (his
distance to establish severity rating.

K1.17.3.3 The following guidance is provided for runways:

. \ Sevarily Halght Dilferantial
considerable roughness oo a runway ol high speeds would be L < % in. (20 mm)
raled as more severe than the same swell located on an apren M ¥ to 1% in. (20 1o 40 mm)
H > 1% in, (40 mm)

or laxiway where the normal aircraft operating speeds are
much lower.

X1.17.3.2 For short wavelengths, locate the highest point of
the swell, Rest at 10-11 (3-m) straightedge on that peint so that

25

Rate severity on high-speed taxiways using measurement
criterin provided above. Double the height differential criteria
for other taxiways and aprons.
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X2. PCI CONCRETE-SURFACED AIRFIELDS

Nere X2.J—The sections in this appendiz are arnged in the follow-
ing ordoer

Seclion
[Hslresses In Jointed Conerele Pavement X2.1
Blowup X2z
Cotner Braak K23
Cracks: Longhtudinad, Transverse, and Diagonal X24
Durabllily (*I3") Cracking X2.5
Joim Seal Damage X2.8
Patching, Small a7
Patching, Large and Utility Cuts X248
Popoluls X249
Purnping X240
Scading, Map Cracking, Crazing X2.11
Satllement or Faulling Xaiz
Shatlered Slab/intarsocting Cracks X213
Shrirkage Gracks X244
Spalling (Longltudinal and Transvarse Jolnl) X215
Spatling (Carner) X218

X201 Distresses in Jointed Concrete Puvement:

X2.1.1 Fifteen distress types for jointed concrete pavements
are listed alphabetically, The distress definitions apply to both
plain and reinforced jointed concrete pavements, will the
exception of lincar cracking distress, that is defined separately
for plain and reinforced jointed concrele pavements,

X2.1.2 During field condition surveys and validalion of the
PCIL, several guestions were often asked regarding the identi-
fication and counting method of some of the distresses. The
answers o most of these questions are inciuded under the
section “How o Count™ for each distress, For convenience,
however, the iterns that ave Frequently referenced are listed as
[ollows:

K2.L2.1 Spalling as used in this west method is the further
hicaking of the pavement or loss of materials around cracks
and joints,

X2.1.2.2 The eracks in reinforced concrete slabs that are
Fess than Y i, (3 nw) wide are counted as “shrinkage cracks,”
The “shrinkage cracks” should not be counted in determining
whether or got the slab is broken into four or more pieces (or
“shattered™).

Copyright lry ASTM Tat'l (all rights reserved); Fri Get 5 (3:07:3( EDT 2007
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X2.1.2.3 Crack widiths should be measured between (he
vertical walls, nol {rom the edge of spails. Spalling and
associaled FOD potential are considered in determining the
severity level of cracks, bul they should not inlluence the crack
width measurements.

X2.1.24 A crack filler iy in satisfaclory condition il ii
prevents water and incompressibles from enfering Lthe erack or
joint.

X2.1.25 “Joint seal damage” is not counted on a glab-hy-
slab basis, [nstead, the severity fevel is assigned based on the
overill condition of the joinl seal in the sample unit,

X2.1.2.6 Do not count a joint as spalled if it can be filled
with joint filler,

X2.1.2.7 A premolded joint sealant is in satisfaclory condi-
tion il it is pliable, firmly against the joint wall, and not
extruded,

X2.1.28 Afragmented crack is actually two or more cracks
in close proximity that meet below the surlace forming a single
channel to subbase. The multiple cracks are interconnected to
form small ltagiments, or pieces, of pavement.

X2.1.2.8 A crack wider than 3 in. (75 mm) rates at high
severity regardless :o'[’ filler condition.

X2.L.2,10 A spalled or chipped crack edge is defined by
secondary cracks, with or without missing picces, nearty
paraflel o the primary crack, Individual stones or particles that
are dislodged do not constitute spalling,

X2.1.2.01 Little, light, or minor crack edge spalling is
defined by secondary cracks typically less than 6 in, {150 mm)
tong and affectiug less than 10 % of the crack length.

X2.1.2.12 Moderate spalling means secondary eracks can
be of any length but both ends must intersect the primary crack.
Individual pieces wider than 3 in. (75 mm) are not cracked and
broken. Some loase particles means loose pieces can be of any
lenpth but must be less than 3 in. wide (75 mm) (chips).
Missing pieces wider than 3 in. (75 mm) must affect less than
10 % of the crack lenpth.

X2.1.2.13 A distress s said to have FOD potential when
surficial material is in a broken or loose stale, such that the

Tetra Teeh, fne.} pursuant (o License Agreement, No Further reproductions authorized,
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possibility of ingestion of the material into an engine is present,
or the potential Tor freeing the material due to Lraflicking is
present,

X2,1.3 Sections X2.1.2.1-X2.1.2.13 are not intended 1o be a
complete list. To properly count cach distress type, the inspec-
lor must be familiae with its individual counting eriteria,

X2.2 Blowup:

X22.1 Description—Blowups occur in hot weather, usually
af a transverse crack or joint thal is nol wide enough to permit
expansion of the concrete slabs, The insufficient width is
usually caused by inflation of incompressible materials into the
joint space. When expansion cannot relieve enongh pressure, a
tocalized upward movement of the slab edges (buekling) or
shattering wili occur in the vicinity of the joint. Blowups cuan
also occur of utility cuts and drainage inlets. This type of
distress is almost always repaired immediately because of
severe damage polential to aircraft. The main reason biowups
are included here is for reference when closed sections are
being evalualed for reopening.

X222 Severity Levels:

X2.2.2.1 Al the presenl time, no significant research has
been conducled to quantify severity levels for blowups. Futuse
research may provide measurement guidelines:

Dilerenca In Elevatlon
Runways and Aprons and
High-Speed Taxlways Other Taxiways

L < Ya i {< 18 mmy) Vo< 1in {6 1o 25 mm)
M Yo lo 1 in. (13 to 25 mm} 110 2 in. (25 1o 51 mm)
H incparable Inopesable

Note XL2—The elevations are wice the heights used for selllement/
lauiting. These are preliminary etevations, and subject to change.

X2.2.2.2 L {Low)—Buckling or shattering has nol rendered
the pavement inoperable, and only a slight amount of rough-
ness exists {sce Fig. X2.1).

X2.2.23 M (Medinm)—DBuckling or shattering bas not ren-
dered the pavemen! inoperabie, but a significant amount of
roughness exists (sce Fig. X2.2),

Nuove 1—This would only be considered low severity if the shattoring
in the Toreground was (e only part cxisting and the foreign materiab
removed,

FiG. X2.1 Low-Severity Blowup

27
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X2.2.24 H (High)—Buclding or shatiering has rendered the
paverent inoperable (see Fig, X2.3).

X2.2.2.5 For the pavement to be considered operational, all
foreign material caused by the blowup must have been re-
moved.

X223 How io Count:

X2.2.3.1 A blowup usually occurs at a transverse crack or
joint. At a crack, it is counted as being in one slab, but at a
joint, two slabs arc alfected and the distress should be recorded
as pccurring in two slabs,

X2.2.3.2 Record biowup on a stab only if the distress is
evident on that slab. Severity may be different on adjacent
stabs, I blowup has been repuired by patching, establish
severily by determining the difference in elevation between the
twa slabs.

X2.3

X2.3.0 Description—A comner break is o crack that inter-
sects the joints at a distance less than or equal to one hall of the
slab tength on both sides, measured from the comer of the slab.
For example, a slab with dimensions of 25 by 25 ft (7.5by 7.5
m) thal has a crack intersecting the joint § #t (1.5 m) from the
corner on onc side and 17 i (5 m) on the other side is not

Corner Break:
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considered a corner break; it is a diagonal crack, However, a
crack that mtersects 7 1t (2 m) on one side and 10t (3 m) on
the other is considered a corner break. A comer break differs
trom a corner spall in that the crack exiends vertically through
the entire siab thickness, while a corner spall intersects the
Jointatan angle. Load repetition combined with loss of support
and curling stresses usually cause corner breaks.

X2.3.2 Severity Levels:

X23.2,1 L—Crack has little or minor spalling {(no FOD
potential). I nonfilled, it has a mean width less than approxi-
mately Y in, (3 mm). A filled crack can be of any width, but the
filley material must be in satisfactory condition. The area
belween the corner break and e joiwts is nol cracked (see Fig,
N24 and g, X2.5).

X2.3.2.2 M—Onc of the following conditions exists: ({)
filled or nonfilled crack is moderately spailed (some FOD
poteniial); (2) a nonfilled crack has a mean width between Vi
and tin, (3 and 25 mm); (3) a filled crack is not spalled or only
lightly spalled, bot the filler is in unsatisfactory condition; or
{4) the area between the corner break and the joints is lightly
cracked (see Fig, X2.6 and Fig. X2.7). Lightly cracked means
one low-severily crack dividing the corner into two pieces.

K2.3.23 H—One of the following conditions exists: (1)
filled or nonfilled crack is severely spalled, cansing definite
POD potential; (2) o nonfilled crack has a mean width greater
than approximately ! in. (25 mm), creating a tire damage
potential; or (3) the area between the corner break and the
joints is severely cracked (see Fig., X2.8).

X2.3.3 How o Count:

X2.3.3.1 Adistress slab is recorded as one slab if it containg
a single corer break, containg more than one break of a
particular severily, or contains two ar more breaks of different
severities, For two or more breaks, the highest level of severity : A v T
should be recorded. For example, a slab containing both light FIG. X2.6 Medlum-Severlty Corner Break (Area Between the
and medium-severity corngr breaks should be counted ns one Corner Break and the Joints is Lightly Cracked)
slab with a medium corner break. Crack widths should be
measured betweer vertical waills, not in spalled areas of the
crack.

X2.3.3.2 1 the comer break is faulted % in, (3 am) or more,
increase severity to the next higher level. If the corner is
laulted more than Y ia. (13 mm), rate the corner break at high

A

15k ain
FhiTA RSNy
, [ RSk 2 e g e
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FIG. X2.5 Low-Severlty Corner Break

T

severity. IF faulting in corner is incidental to favlting in the
slab, rate faulting scparately.

3 X2.3.33 The angle of crack into the slab is usually not
‘-’ - - evident al low severity. Unless the crack angle can be deter-
FIG. X2.4 Low-Severity Corner Break mined, to differentinte belween the corner break and corper

_ ) 28
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spall, use the following criteria. If the erack intersects both
Jjoints more than 2 1 (600 mm} from the corner, it is a corner
break. T it is less than 2 §t, unless you can verify the crack is
vertical, call it a spall,

K24 Longidinal, Transverse, aned Diagonal Cracks:

X2.4.1 Descripiion—These cracks, that divide the sfab into
two or three picces, are wsvally caused by o combination of
load repetition, curling stresses, and shrinkage stresses. (For
slabs divided into four or more pieces, sce X2.13) Low-
severity cracks are usvally warping- or friction-related and arc
not considercd major structural distresses. Mediume or high-
severity cracks are usually working cracks and are considered
major structaral dislresses,

Ntk X213 —Hairline crucks thag we only a few feet long und do not
extemd aeross the entire slab are rated o shrinknge cracks.

X242 Severiry Levels:

X242 L—Crack has fittle or minor spalling (no FOD
potential, I nonfillee, it has a mean width less than approxi-
mately Yin. (3 mm}). A flled crack can be of any width, but the
filles material must be in satislactory condition; or Lhe slub is
divided into three pieces by low-severily cracks (see Figs.
X29-X2.11).

£

FiG. X2.11 Low-Severity

X24.22 M—One of the following conditions exists: hH
filled or nonfilled crack is moderately spalled (some FOD
potential); (2) a nonfilled crack has a mean width between Y%
and 1in. (3 and 25 mm); (3) a filled crack is not spalled or only
lightly spalled, bul the filler is in unsatistactory condition: or
(4) the slab is divided into three pieces by two or more cracks,
onc of which is at least mediug severily (see Figs. X2.12-
X214,

X2.4.23 N-—One of the following conditions exisis: h
lilled or nonfilled crack is severely spalled, cavsing detinite
FOD potential; (2) a nonfilled crack has a mean wideh greater
than approximaiely 1 in. (25 mm), creating a tire damage
potential; or (3) the slah is divided into (hree pieces by two or
more cracks, one of which is af least high scverity (sec Figs.
X2 I5-X2.07.

X243 How to Count:

X2.4.3.1 Qnee the severily has been identified, the distress
is recorded as one slab, [f the slab is divided into four or more
pieces by cracks, refer to the distress type given in X2.13,

X24.3.2 Cracks used (o define and rate corner breaks, ‘D"
cracks, palches, shrinkage cracks, and spalls are not recorded
as LIT/D eracks.

X225 Durability (D) Crucking:
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FIG. X213 Medlum-Severity Transverse Crack

X25.1 Degcription—Durability cracking is caused by the
conerete’s inability fo withstand eavironmental factors, such as
frecze-thaw cycles. [L usually appears as a pattern of cracks
ranning parallel to a joint or linear crack. A dark coloring can
usuaily e seen wround the fine durability cracks. This type of
cracking may eventually lead w disintegration of the concrele
within 1 to 2 ft (0.3 0 0.6 m) of the joint or crack.

X2.5.2 Severity Levels:

X520 L~T¥" cracking is defined by hairline cracks
oceurting in i limited arca of (he slab, such as one or two

Copyright by ASTM 1ne'] (all rights reseeved); Fri Qct 5 13:07:3) EDT 2007
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FIG. X2.14 Medium-Severlty Transverse Crack

corners or along one joint, Litde or no disintegration has
occurred. No FOD potential (see Fig. X2.18 and Fig. X2.19).

X2.5.22 M-"D)" cracking has developed over a consider-
able amount of slab area with little or no disintegration or FOD
potential; or “D” cracking bas ocevrred in o limited area of the
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Nuve |—&8Inh is beginning 1o bresk up near corner.
FIG. X2.19 Low-Sevority “0” Cracking Approaching Medium
Severlty

staby, such as one or two corners or along one joint, but pieces
are missing and disintegration has occurred. Some FOD
patential (see Fig. X2.20 and Fip. X2.21).

31
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FIG. X2.20 Madlum-Severity “D” Cracking

FIG. X2.21 Medium-Severity “D” Cracking Gecurring In Limited
Area of Slab

X2.523 H—"D" cracking has developed over s consider-
able amount of slab area with disintegration or FQD polential
(see Fig. X2.22 and Fig. X2.23),

X2.5.3 How 10 Counr—When (he distress is located and
rated al one severity, il is counted as one slab. Tf more than one
severity level is found, e slab is counted as having the higher
severity distress. For example, if low- and medium-durability
cracking are located on one slab, the slab is counted us having
medium only, ¥ “D" cracking is counted, scaling on the same
slab should not be recorded.

X2.6 Joint Seal Damage:

X2.6.1 Description—Joint scal damage is any condilion
that enubles soil or rocks to accumulate in the joints or allows
significant infiltration of water. Accumulation of incompress-
ible materials prevents the slabs from cxpanding and may
tesult in buckling, shatering, or spalling. A pliable joint filler
bonded o the edges of the slabs protects the joints from
accurnulation of materials and also prevents water from seep-
ing down and soltening the foundation supporting the slab,
Typical types of joint sea) damage are: (13 stripping of Jjoint
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Note | —The 1" cracking occurs aver more than one joint with some
disintegration,
FIG. X2.22 High-Severlty “D"” Cracking

FIG. X2.23 High-Severity D" Cracking

sealant, {2) extrusion of joint sealant, (3) weed growth, (4)
hardening of the {iller (oxidation), (3) loss of bond to the slab
edges, and (6} lack or absence of sealant in the joint.

X2.6.2 Severiry Levels:

X2.6.2.1 L—Joint sealer is in generally good condilion
throughowt the sample. Sealant is performing well with only a
minor amount of any of the above Lypes of damage present (see
Fig. X2.24). Joint seal damage is al low severity il a few of the
Jjoints have sealer which has debonded from, but is still in
contact with, the joinl edge. This condition exists i & knife
blace can be inserted between sealer and joint face without
resistance,

X2.6.2.2 M—Joint sealer is in pencrally Fair condition over
the entire surveyed sumple with one or more of the above types
of damage oceurring to a moderate degree. Sealant needs
replacement within two years (see Fig. X2.25). Joint seal
damage s at medinm severity if a few of the joints have any of
the following conditions: () joint sealer is in place, but water
aceess is possible through visible openings no tmore than Y in.
(3 mm) wide. TF a knife blade cannot be inserted easily between
sealer and joinl face, (his condition does not exist: (2) punping

32

Nony | —This condition existed on only o few joints in the pavement
section. I all joint sealant were as shown, it would have been rated
nmedinm,

FI1G. X2.24 Low-Severity Joint Seal Damage

debiis are evident at the joint; (3) joinl sealer is oxidized and
“lifeless” but pliable (like a rope), and generally fills the Jjoint
opening; or (4) vegetstion in the joint is obvious, but does not
obscure the joiul opening.

X2.6.2.3 H-—Joint sealer is in generally poor condition over
the entire surveyed sample with one or mote of the above Lypes
of damage oceurring to a severe degree, Sealant needs imme-
diate replaceiment (see Fig, X2.26 and Fig, X2.27), Joinl seal
damage is al high severity if 10 % or more of the joint sealer
exceeds limiting criteria listed above, or if 10 % or more of
sealer is missing.

X2.6.3 How o Count:

X2.6.3.1 Joint seal damage is net counted on a slab-by-slab
busis, but is rated based on the overall condition of the sealant
in the sample vnit.

X2.6.3.2 Joint sealer is in satisfactory condition if it pre-
vents entry of water into (he joint, it has some elasticity, and if
there is no vegetalion growing bhetween the sealer and Jjoint
face,

X2.6.3.3 Premolded sealer is rated using the same criteria as
above exeept as lollows: (1) premolded sealer must be elastic
and must be firmly pressed against the Jjoint walls; and (2)
premolded sealer must be below the joint edge. If it extends
above the surface, it can be caught by moving equipment such
as snow plows or brooms and be pulled out of the joint,
Premolded sealer is recorded ai low severity if any part is
visible above joint edge. It is at medinm severity if 10 % or
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FIG. X2.25 Medlum-Severlty Jolnt Seal Damage (Note that Sealant
has Lost Bond and is Highly Oxidized)

i Beogna W A . o4

FIG. X2.26 High-Severity Joint Seal Damage (Complete Luss of
Seaiant; doint Is Filled whil Incompressible Materlal)

more of the length is above joint cdge or if any part is more
than Y4 in. (12 mm) above Jaint edge. T is at high severity if
20:% or more is above joint cdge or if any parl is more than [
in. (25 mm) ahove joint edge, or if 10 % or more iy missing,

X2.6.34 Rate joint sealer by joint segment, Sample unit
rating is the same ss the most severe rating held by at Jeast
20 % of segments rated,

X2.0.5.5 Rate only the left and upstalion joints along
sample wnit boundarics,

X2.6.3.6 In rating oxidation, do not rate on appearance,
Rate o resilience. Some joint scaler wili have a very dull
surface, and may even show surface cracks in the oxidized

FIG. X2.27 High-Severty Jolnt Seal Damage (Extensive Amount
of Weed Growth)

layer. II the sealer is performing satisfactorily and has good
characleristics bensath the surface, it is satisfactory.

X2.7 Patching, Smadl (Less Than 5 (0.5 m?)):

X271 Description—A patch is an ares where the original
pavement has becn removed and replaced by a fller material,
For condition evaluation, palching is divided into two Lypes:
small (less than 5 1i* (0.5 m?) and large (over 5 ft%. Large
patches are described in the next section.

K2.7.2 Severity Levels:

X27.2.1 L—Paich is functioning well with litde or no
deterioralion (see Fig. X2.28 and Fig. X2,20),

X2.7.2.2 M—Patch that has deterioration or moederate spal-
ling, or both, can be sean around the edges. Patch maleria! can
be dislodged with considerable effort {minor FOD potential}
(see Fig. X2.30 and Fig. X2.30).

X2.7.2.3 H—Puaich delerioration, either by spalling around
the patch or cracking within the pateh, o a state that warrants
replacement (see Fig. X2.32),

X273 How it Count:

X273 I one or more smali paiches having the same
severity level are located in g slab, it is counted as one slab
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FIG. X2.32 High-Severlty Small Patch

X2.7.32 If u crack iy repaired by a narrow patch {that is, 4
to 10 in. (102 to 254 mm) wide), only lhe crack and not the
patch should be recorded at the appropriate severity level,

K28 Parching, Large (Over 51 (0.5 m?)} and Utitity Cut:

X2.8.1 Deascriprion—Pulching is the same as defined in the
previous seciion, A ulility cut is a patch that has replaced the
original pavement becanse of placement of underground utili-
lies. The severily levels of a wtility cul are the same as those for
regular palching,

X2.8.2 Severity Levels:

X2.82.1 L—Pawh is functioning well with very little or no
deterioration (see Figs. X2.33-X2.35),

X2.822 M—Pach deterioration or moderaie spalling, or
bath, can be seen around the edges. Patch material can be
dislodged with considerable effort, causing some FOD poten-
tial (see Fig. X2.36),

X2.8.2.3 H—Pulch has deteriorated 1o a state thal causes
considerable roughness or high FOD potential, or both, The
exient of the deterioration warranis replacement of the patch
(sce Fig. X2.37).

LR
T b L

FIG. X2.31 Medlum-Severity Small Patch

contatning thal distress. If more than one severity level oceurs,
itis counted as one slub with the higher severity level being
recorded, FiG. X2.33 Low-Severlty Patch
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FIG. X2.34 Low-Severlty Patch

AR, b L

vt

FIG, X2.38 Popouts

X2.9.1 Descripion—A popoul is a sinall piece of pavement
that breaks loose from the surfoce due to freeze-thaw action in
combination with expansive aggregates. Popouts usaally range
from approximately 1 to 4 in. (25 to 100 mm) in diameter and
from Yz to 2 0. (13 to 51 mm) deep,

X2.9.2 Severity Levels—No degrees of severity are defined
for popouts. However, popouls must be extensive before they
are caunted as a distress; thay is, average popout density must
exceedl approximately three popouts per square yard (per
square metre} over the entire slab area (see Fig. X2.38).

X2.9.3 How to Connt—The density of the distross must be
measured. If there is any doubl about the average being greater
than three pepouls per square yard (per square metre}, at least
three random I-ycI:" (J-m2) areas should be checked, When the
average is greater than this density, the slal is counted.

FIG. X2.36 Medium-Severity Utility Cut X210 Punping:
X2A0.1 Description—Pomping is the ejection of material
by water through joints or cracks caused by deflection of the
X28.3 How 1o Couni—The crileria are the same as for slab under passing loads. As water is gjected, it carries particles
small patches. of gravel, sand, clay, or silt resulling in a progressive loss of
pavement supporl. Surface staining and base or subgrade
material on the pavement close to joints or cracks are evidence

X2.9 Papous:
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of pumping. Pumping near joints indicates poor joint sealer and
toss of support, which will lead to cracking under repeated
loads. The joint seal must be identified as defective before
pumping can be said 1o exist. Pumping con occur at cracks as
well as joints.

X2.10.2 Severity Levels—No degrees of scverity are de-
fined. It is suflicient to indicate that pumping exists (see Figs.
X2.39-X2.42). Tt

X2,80.3 How ro Couni—Slabs are counted as follows: (see
Fig. X2.43) one pumping joint between two slabs is counted as
two slaby, However, if the remaining joints around the slab are
also pumping, onc slab is added per additional pumping joinl.

s sirmTa
ST e e

X241 Scaling, Map Cracking, and Crazing:

K211 Description-—Map cracking or crazing refers to a
network of shallow, fine, or hairline cracks that extend only
throngh the upper surface of the conerete. The cracks tend ©
mtersect at angles of 120°, Map cracking or crazing is usually
caused by over finishing the concrete and may lead to scaling
of the surface, that is the breakdown of the slab surface by 2
depth of approximately Vi to V2 in. (6 (o 13 mmy). Scaling may
also be caused by deicing sals, improper construclion, freeze-
thaw cycles, and poor agpregate. Another recognized source of
distress is the reaction berween the alkaljes (Na,O and K,0) in
some cements and certain mingrals in some agpregates, Prad-
ucts formed by the reaction between the alkalics and aggregate
resull in expansions that cause a breakdown in the concrete.,
This penerally oceurs throughout the slab and not just at joints
where “I)” eracking normally occurs.

X2.11.2 Severity Levels;

X211.2.1 L—Crazing or map cracking exists over signifi-
cant slab area. The surlace is in good condition with no scaling,

The crack pattern must be well defined and easily recognized. ®
Tndividual cracks should show some evidence of wear. Very  FIG. X2.41 Pumping {Close-Up of Fine Materials Collecting in the
eirly stages arc ignored. Jolnt)

Nore X2.4—The low-severity level is an indicator that scaling may
develop in the Miture (see Fip, X2.44),

X211L22 M—Slab s scaled gver approximalcly 5 % or less
ol the swface with some FOD potential (sec Fig. X2.45),

1 G AR 5

FIG. X2.42 Pumping

X2.11.2.3 H—Slab is severely scaled causing a high FOD

potential. Usually, more than 5 % of the surface is alTected (see
S Figs, X2.46-X2.48).

FIG. X2.38 Pumping (Note Fine Material on Surface That has X211L3 How to Count—Ir lwo or more levels of severity

Been Pumped Out Causing Gorner Break) exisl on a slab, the slab is counted as one slab having the

. 36
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3 slabs countad Three slabg counied Five siahs countad

FIG. X2.45 Medium-Severity Scallng

maximum level of severity, For example, if both low-severity
crazing and medium scaling exist on one shab, the slab i
connted as one slab conlaining mediom scaling. 17 “p”

cracking is counted, scaling is not counted, FIG. X2.48 High-Saverity Scaling Caused by Alkall Aggregate

Reaction
X212 Serdement or Fanlting:

X2121 Descriprion—Seitlement or faulting is n difference Dillarence: in Elsvation
- . L Runways/Taxiways Apronis
of elevation at a joinl or crack caused by vpheaval or L <% In. (6 mm) Vi U iR,
consolidation. {3 1o 13 rm)
1 14 1 i
X2.12.2 Severity Levels—Severity levels wre defined by the M Ag,gﬂ‘g]nm, /?'<t1°31w'"é5 mm)
difference in elevation across the fault and the associated H > Y dn. (13 mm) > 110 {25 mm)

decrease in ride yuality anc safety as severity increases:
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X2.12.3 How 1o Count:

X2.12.3.1 In counting settlement, a fault between two slabs
is counted as one slab. A straightedge or level should be nsed
lo aid in measuring the difference in clevation hetween the two
stibs,

X2.12.32 Construction-induced elevation differential is not
rated in PCT procedures. Where construction differential exists,
it ciou often be identified by the way the high side of the joint
was rolled down by finishers (usually within 6 in. (150 mm) of
the joint) to meet the Jow-slab elevation.

X243 Sharered Slablfintersecting Creacks.

X2.131 Description—Intersecting cracks are cracks that
break the slab into four or more pieces due to overloading or
inadequate support, or both, The high-severity level of this
distress type, as defined as follows, is relerred to as shatterad
slab. I all pieces or cracks are conlained within a corner break,
the distress is caleporized as a severe corner break.

K2.13.2 Severity Levels:

X2.03.2.1 L—Slab is broken into four or fve pleces pre-
dominantly defined by low-severily cracks (see Fig, X2.54 and
Fig. X2.55).

X2.13.22 M-—Slab is broken into four of fve pieces with
over 15 % of the cracks of medium severity (no high-severity
cracks); slab is broken into six or more picces with over 85 %
of the cracks of low severity (see Fig. X2.56 and Fig. X2.57).

X2.13.2.3 H—Al this level of severity, the skab is called
shattered: (/) slab is broken into four or five picces with some
or nil cracks of high severity; or (2) slab is broken into six or
more pieces with over 15 % of the cracks of medium or higlt
severity (see Fig, X2.58).

X2,13.3 How to Count—No other distress such ag sciling,
spaliing, or durability cracking showld be recorded if the slab is
medium- or high-severity level since the severity of this
distress would affect the slab’s rating substantially. Shrinkage
cracks should not be counted in determining whether or not the
slab is broken into four or mors picces,

X214 Shrinkape Cracks:

X214} Description—Shrinkage cracks are hairline cracks
that are usvally only a few feet (centimetres) long and do not

FIG. X2.52 High-Severlty Settlement on Taxiway/Runway (% In.
(18 mmp)

extend across the entire slab, They are formed during the
selitng and curing of the concrete and usually do not exiend
FIG. X2.49 Low-Severity Settlament (% in. {8 mm)) on Apron through the depth of the slab,

) 38
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E3

FIG. X2.55 Low-Sevarity Intersecting Cracks

X214.2 Severiry Levels—No degrees of severity are de-
fined. 1t is sufficient to indicate that shrinkage cracks exist (see
Figs. X2.59-X2.61),

X2.t4.3 How 1o Count—If one or more shrinkage cracks
exisl on one particulnr slab, the slab is connted as one slab with
shrinkage cracks,

39
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FIG. X2.58 Bhattered Slab

X215 Spalling (Transverse and Longitudinal foing):

X2.15.1 Description—Joint spalling is the breakdown of
the slab edges within 2 [t (0.6 ny) of the side of the joint. A joint
spull usually dees not extend vertically through ihe slab but
intersects the joint at an angle, Spalling results from excessive
stresses at the joint or crack caused by infiltration of incom-
pressible materials or raffic load. Weak concrete al the joim
(caused by overworking) combined wilk raffic loads is another
cause of spalling,
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medivm-severity cracks; little or no FOD potential exists: or
(2) joint is lightly frayed; tittle or no FOD potential (see Fig,
X2.62 and Fig. X2.63). Spall less than 2 ft long is broken into
pieces or fragmented with little FOD or tire damage potential
cxists {see Fip. X2.64).

X2.15.2.2 Lightly frayed neans the upper edge of the joint
is broken away leaving a spall na wider than [ jn, (25 mm) and
no deeper than Y2 in. (13 mm). The material is missing and the
joint creates little or no FOD polential.

X2.15.23 M—Spall over 2 i (0.6 m) fong: (1) spall is
broken into more than three picces defined by light or medium
cracks; (2) spall is broken into no more than three pieces with
one or more of the cracks being severe with some FOD
potential existing; or (3) joint is moderately frayed with some
FOD potential (see Fig. X2.65). Spall less (han 2 fi long: spall
is broken into pieces or fragmented with some of the pieces
loose or absent, causing considerable FOD or tire damage
potential (see Fig. X2.66).

X2.1524 Maderately frayed means the upper edge of the
joint is broken away leaving a spall wider than { in. (25 mm)
or deeper than % in. (13 mm). The material is mostly missing
with some FOD} potential,

X2.152.5 H~Spall over 2 ft {0.6 m) long: (/) spall is
broken into more than three pieces defined by one or more
high-severity cracks with high FOD potential and high possi-
bility of the pieces becoming dislodged, or (2) joint is severely
frayed with high FOD polential (see Fig. X2.67 and Fig.
X268

FIG, X2.61 Shrinkage Cracks

Nene XZS5—Fruyed condilion as used in this test method indicates
material is ne Ionger i place along a Jolunt or crack. Spalling indicales
muterial 1y or may nat be missing along & joint or crack.

X152 Severity Levels:
X2.152.0 L—Spall over 2 fi (0.6 m) long: (/) spall is

- ? FIG. X2.62 Low-Severity Joint Spalling (If the Frayed Area was
broken fulo no more than three pieces defined by low- or

Less Than 2 ft (0.6 m) Long it Would not be Counted)

4}
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FIG. X2.83 Low-Severlty Joint Spall

X2.153 Hiow to Count—If the Jjoint spall is located along

the edge of one slab, it is counted as one slab with joint € - ) ; LT .
spailing. Tf spalting is located on more than one edge of the F T e
same slab, the edge having the highest severity is counted and FIG. X2.67 High-Severlty Joint Spali

recorded as one slab. Joint spalling can also nccur along the
cdges of.two adjacen slabs. IF this is the case, each slab is
counted as having joint spalling, If a Joint spall is small
enough, less than 3 in. (76 mm) wide, (o be filled during 4 join X2.16 Spalling (Corner):
seal tepair, it should nol be recordet.

spall should not be counted.

X2.16.1 Description—Cormer spalling is the raveling or
Now: X2.6—(f Joss than 2 & (0.6 m} of the oint is Bghtly frayed, ihe breakdown of the slab within approximaiely 2 ft (0.6 m) of the

4i
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FiG. X2.88 High-Severlty Joint Spal)

FIG. X2.65 Low-Severity Corner Spali

corier. A corner spall differs [rom a corner break in that the
spall usually angles downward (o intersect the joint, while a
break extends vertically through the slab,

X2.16.2 Severity Levels:

X2.162.0 L—One of the following conditions exists: (1)
spall is broken inte ane or two pieces defined by low-severity
cracks (litle or no FOII potential); or (2) spall is defined by
one medivm-severity crack (little or no FOD potential) (see
Fig. X2.69 and Fig. X2.70).

X2.16.22 M—One of the following conditions exists: (/)
spall is broken into two or more pieces defined by medigm.
severity crack(s). and a fow small {ragments may be absent or
loose; (2) spall is defined by one severe, fragmented crack that
may be accompanied by a few hairline cracks; or, (3) spall has
deteriorated to the point whese loose material is causing some
FOD potentinl (see Fip. X2.71 and Fig. X2.72),

X2.16.23 H—Qne of the following conditions exists: (/)
spall is broken inlo two or more pieces defined by high-severity
fragmented crack(s) with loose or absent [ragments; (2) pieces
of the spall have been displaced 1o the extent that a tire damage

42

=,

FIG. X2.71 Medlum-Sevetlty Corner Spall

hazard exists; or {3) spall has deteriorated to the point where
loose material is causing high FOD potential (see Fig. X2.73
and Fig, X2.74),

X2.16.3 How to Count:

X2.16.3.1 If one or more corner spalls having the same
severity level arc located in a slab, the slab is counted as one
slab with corner spalling. If mote than one severity level
oeeurs, it is counted as onc slab having the higher severity
level,

X2.16.3.2 A corer spal! smaller than 3 in. (76 mm) widc,

measured fram the edge of the slab, and filled with sealant is
not recorded.
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FIG. X2.74 High-Severity Corner Spall
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X3, AC PAVEMENT DEDUCT CURVES

K31 See Figs. X3.1-X3.19.
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X4, IPCC PAVEMENT DEDUCT CURVES
XAl See Figs, Xd.1.X4.16.
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CORNER BREAK, AIRFIELDS
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JOINT SEAL DAMAGE CONCRETE 5

Joint seal damage Is not rated by density. The severity
of the distress Is determined by the sealant's overall
candition for & particular section.

The deduct values for the threa Javsls of sevarlty arg
as follows;

1. High Soverity - 12 Folnts
2, Medium Severity - 7 Polnis
3. Low Severity - 2 Points

FI@. X4.5 Joint Seat Damage
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SHRINKAGE CRACKS, AIRFIELDS CONCRETE 13
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FIG. X4.13 Shrinkage Cracking
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FIG. X4.14 Joint Spalling
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X5.1 Sec Figs. X5.1 and X5.2.

X5, BLANK FORMS
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X 130 W0 550 183 17D 180

AIRFIELD ASPHALT PAVEMENT
CONDITION SURVEY DATA SHEET
FOR SAMPLE UNIT

SKETCH:

BRANCH SECTION

SAMPLE UNIT

SURVEYED BY DATE SAMPLE AREA
1. Alllgator Cracking 5. Depression 9. Oll Spilage 13. Rutting
2, Bleeding 8. Jet Blast 10, Patching 14, Shoving from PCC
3, Block Cracking 7. Jt. Reflection (PCC) 11, Polished Aggregate 15. Slippage Cracking
4, Corrugation 8. Long. & Trans. Cracking 12, Ravellng/Weathering 16, Swell
DISTRESS PENSITY [ DEDUCT
SEVERITY QUANTITY TOTAL o VALUE

FIG. X5.1 Flexible Pavement Condltion Survey Data Sheel for Sample Unit
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AIRFIELD CONGRETE PAVENENTS
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FIG. X5.2 Jointed Rigld Pavement Conditlon Survey Data Sheel for Sample Unlt
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TETRATECH

FIELD LOG OF EXPLORATION TEST PIT

JOB NO: PROJECT NAME:

STATE: COUNTY: LOGGED BY: TEST PIT NO.:

DESCRIPTIVE LOCATION:

DATE STARTED: DATE COMPLETED: EXCAVATION COMPANY

TOTAL DEPTH

REMARKS:

Classification and Description
Depth (feet) Sample Depth (ft)

Headspace (ppm)
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State of California
ATR RESQURCES BROARD

Method 435

Determination of Asbhestos
Content of Serpentine Aggregate

Adopted: June 6, 1981



Method 435

Determination of Asbestos
Content of Serpentine Aggregate

1.0Principle and Applicability

1.1Principle:

Asbestos fibers may be released from serpentine rock formations
and are determined by microscopic techniques. The results are
very sensitive to sampling procedures. The analytical results are
reported in percent asbestos fibers which is the percent number
of asbestos fibers contained in 400 randomly chosen particles of
a bulk sample. Since the homogeneity of the material is unknown,
the uncertainty in the sampling canncot be defined. The
uncertainty of the analytical technique is twe percent if twenty
asbestos fibers are ccunted in a sample of 400 particles. The
derivation of this uncertainty value is explained in Section 7.4,

1.2hpplicability:

This method is applicable to determining asbestos content of
serpentine aggregate in storage piles, on conveyor bkelts, and on
surfaces such as roads, shoulders, and parking lots.
2.0Definitions:
2.1RBulk Sample - A sample of bulk material.

2.2Grab Sample - A sample taken from a volume of material.

2.3Composite Sample - A mixture or blend of material from more
than one grab sample.

2.4Serpentine - Serpentinite, serpentine rock or serpentine
material.

2.5Executive Officer - The term Executive Officer as used in this
method shall mean the Executive Officer of the Air Resources
Becard (ARB) or Air Pellution Control Officer/Executive Qfficer of
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a local air pollution control district/air quality management
district.

3.0Applicable Sources:

This method can be used to cobtain bulk material samples from
three types of sources:

1.Serpentine aggregate storage piles.
2.5erpentine aggregate conveyor belts.
3.8erpentine aggregate covered surfaces.
4.0Sampling Apparatus
4.1S%erpentine Aggregate Storage Piles

Tube insertion often provides the simplest method of aggregate

material investigation and sampling. Insertion tubes shall be
adequate to provide a relatively rapid continuous penetration
force.

4.1.1Thin-walled tubes should be manufactured as shown in Figure
1. The tube should have an outside diameter between 2 to 5
inches and be made of metal or plastic having adequate strength
for penetration into aggregate piles. These tubes shall be clean
and free of surface irregularities including projecting weld
seams, Further information on these tubes can be found in Table
1 and ASTM D 1587-83, which is incorporated herein by reference.

4,1.2The insertion tube can be made out cf commercially
available two inch PVC Schedule 40 pipe. Further information on
the tube can be found in Table 2.

4.1.32A round point shovel may be used.

4.25erpentine Aggregate Conveyor Belts

4.2.18ampling of aggregate off a conveyor belt requires a hand
trowel, a small brush, and a dust pan.

4,2,2Two templates as shown in Figure 2 are needed to 1isclate
material on the conveyor belt.

4.2.3An automated bhelt sampler may ke used.
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4.3Serpentine Aggregate Covered Surfaces

2 shovel, a hand or machine-operated auger or other suitable
equipment can be used to collect samples of aggregate materials
on covered surfaces.

4.3.1Band-Operated Augers

4.3.1.1Helical Augers-Small lightweight augers such as
spiral-type augers and ship-type augers may be
used. A description of these augers types can be found in ASTM
D 1452-80, which is incorporated herein by reference.

4.3.1.20rchard barrel and open spiral type tubular augers may be
used to collect samples. These augers range in size from 1.5

through 8 inches, and have the common characteristic of appearing
essentially tubular when viewed from the digging end. Further

descripticn of these auger types can be found in ASTM D 1452-80.

4.3.1.3Clam Shell or Iwan Type post-hole augers may be used to
collect samples from surfaces generally 2 through 8 inches in
diameter and have a common mean of blocking the escape of soil
from the auger. Further description of these augers can be found
in ASTM D 1452-80.

4.3.2Machine-Operated Augers

Machine-Operated Augers such as helical augers and stinger
augers may be used. These augers are normally cperated by heavy-
duty, high-torgue machines, designed for heavy construction work.
Further description of these augers can be found in ASTM D 1452~

80.

4.3.3A round point shovel can also be used to obtain & sample of
aggregate covered surface material.

5.08ampling

The sampling procedure has been developed to provide an unbiased
collection of bulk samples. A sampling plan, including a
description of how the grab samples will be randomly ccllected
and the number of samples to be ccllected, shall be developed.
Prior tc conducting any sampling the sampling plan shall be
submitted to the Executive Officer for approval, if the sampling
is conducted for determining compliance with a rule or
regulation. The amount of composite 200 mesh material, as
described beleow, shall be sufficient to provide a sample to the
source or Executive Qfficer, if requested, and a sample to be
archived for future use.

A single test as described below shall cover:
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a) 1000 tons of aggregate for piies and conveyor belts, or
b) one acre aggregate covered surface, or
c) one mile of aggregate covered road, or
d) two acres or twe miles of dual aggregate covered shoulders.

Exposure to airborne asbestos fibers is a health hazard.
Asbestos has been listed by the Governor as causing cancer and
identified by the Air Resources Board as a toxic air contaminant.
Serpentine aggregate may contain asbestos. Bulk samples
collected can contain friable asbestos fibers and may release
fibers during sampling, handling or crushing steps. Adequate
safety precautions should be followed to minimize the inhalation
of asbestos fibers. Crushing should be carried ocut in a
ventilated hood with continuous airflow (negative pressure)
exhausting through an HEPA filter. Handling of samples without
these precautions may result in the inhalation of airborne
asbestos fibers.

5.1 Serpentine Aggregate Storage Piles

Serpentine aggregate storage piles typically have a conical or a
triangular prism shape. The aggregate is introduced at the
top of the pile and is allowed to flow over the side. This

action, called sloughing, causes a size segregation to occur with
the finer material deposited towards the top of the pile.

The locations where grab samples will be taken are randomly
chosen over the surface of the pile. The method of randomly
choosing the sampling locations is left up to sampling personnel
but must follow the procedures specified in the sampling plan.
For 1000 tons of product, a grab sample shall be taken at a
minimum c¢f three randomly chosen sampling locations. A minimum
of three grab samples shall be taken even if the product pile
contains less than 1000 tons of material. The slough is raked or
shoveled away from the sampling locaticn. A sampling apparatus
is inserted one foot into the pile and the material i1s removed
and is placed in an appropriate sized sampling container. Some
of the possible sampling apparatus is discussed in Section 4.1.
Each of the grab samples shall be placed in the same sample
container. This composited sample shall be crushed to produce a
material with a nominal size of less than three-eighths of an
inch. Before crushing, the sample must be adequately dried.
ASTM Method C-702-80, which is incorporated herein by reference,
shall be used to reduce the size of the crushed grab sample to a
one pint aligquot. The one pint aliquot, shall be further crushed
using & Braun mill or equivalent to produce a material of which
the majority shall be less than 200 Tyler mesh. An aliguot of
the 200 mesh material shall be put into a labeled sealed
container. The lakel shall contain all the information described
in Section 6 {except item 4)}.
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5.28erpentine Aggregate Conveycr Belts

Serpentine aggregate is transported from the rock crushing plant
to a product stacking belt and finally to a storage pile or to a
waiting truck for delivery to a buyer.

The grab samples shall be taken from the product stacking belt or
if this is not possible then at the first transfer point befcre
the stockpile. The grab samples shall be collected by stopping

the belt a minimum of three times cr using an automated sampler.

The method of randomly choosing the sampling locations and
intervals is left up to sampling personnel but must follow the
procedure specified in the sampling plan. For 1000 tons of
product, a grab sample is taken at a minimum of three randomly
selected intervals. A minimum of three samples shall be taken
even if the generated product is less than 1000 tons. Each
time the belt is stopped to take a grab sample, templates, as
shown in Figure 2, are placed a minimum of six inches apart to
isoclate the material on the belt. The material within the
templates is removed with a small shovel or with a brush and dust
pan for the finer material and is placed in an appropriate sized
sampling container. Each of the grab samples shall be placed in
the same sample container. This composited sample shall be
crushed to produce a material with a nominal size of less than
three eighths of an inch. Before crushing, the sample must be
adeqgquately dried. ASTM Method C-702-80, which is incorporated
herein by reference, shall be used to reduce the size of the
crushed grab sample to an one pint aliguot. The one pint aliquot
shall be further crushed using a Braun mill or eguivalent to
produce a material which the majority of which shall be less than

200 Tyler mesh. An aligquot of the 200 mesh material shall be put

into a labeled sealed container. The label must contain all the
information listed in Section 6 (except item 4).

5.3 Serpentine Aggregate Covered Surfaces.
5.3.1Serpentine Aggregate Covered Roads

A serpentine aggregate-covered road shall be characterized by
taking grab samples from a minimum of three randomly chosen
locations per mile of road. The method of randomly choosing the
sampling locations is left up tc sampling personnel but must
follow the procedures specified in the sampling plan. A minimum
of three samples shall be taken even if the road is less than one
mile long. Section 4.3 describes some of the possible sampling
apparatus used to collect the grab samples. Grab samples shall
net contain underlying scoils. Each of the grab samples shall
be placed in the same sample container. This composited sample
shall be crushed to produce material with a nominal size less
than three-eighths of an inch. Before crushing, the sample must
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be adequately dried. ASTM Method C-702-80 shall be used to
reduce the size of the crushed grab sample to an one pint
aliguot. The one pint aliqueot shall be further crushed using a
Braun mill or egquivalent to produce a material which the majority
shall be less than 200 Tyler mesh. An aliquot of the 200 mesh
material shall be put into a labeled sealed container. The label
must contain all the infermation listed in Section 6 (except item
41 .

5.3.28erpentine Aggregate Covered Areas

A serpentine aggregate-covered play yard or parking lot shall be
characterized by taking grab samples from a minimum of three
randomly chosen locations per acre. The method of randomly

choosing the sampling locations is left up tc sampling personnel

but must follow the procedure specified in the sampling plan. A

minimum of three samples shall be taken even if the area is less

than one acre. Section 4.3 describes some of the possible

sampling apparatus for collecting the sample. Grab samples shall

not contain underlying soils. Each of the grab samples shall
be placed in the same sample container. This composited sample

shall be crushed to produce az material with a& nominal size of
less than three-eighths of an inch. Before crushing, the sample
must be adequately dried. ASTM Method C-702-80 shall be used to
reduce the size of the crushed grab sample to a one pint aligquot.

The one pint aliqucot shall be further crushed using a Braun mill

or equivalent to produce a material which the majority shall be
less than 200 Tyler mesh. An aliquot of the 200 mesh material
shall be put into a labeled sealed container. The label must

contain all the informaticn listed in Secticn 6 (except item 4).

5.3.3Serpentine Aggregate Covered Road Shoulders

The sampling procedure specified in Section 5.3.1 or 5.3.2 shall
be used for road shoulders covered with serpentine aggregate.
The only difference is that a minimum of three grab samples shall
be taken over a length of two miles of shoulder or over an area
of two acres of shoulder surface. The word shoulder is meant to
imply shoulders on both sides of the road. For serpentine
aggregate covered shoulders, the sampling plan specified in
Section 5 shall indicate whether the samples are collected on a
two mile or two acre basis.

6.08ampling Log
A sample log must be kept showing:
1. A unique sample number.

2. Facility name.
3. Facility address or location where sample is taken.
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4. A rough sketch, video tape, or photograph of the specific
sampling locations.
5. Date and time of sampling.
6. Name of person performing sampling.
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7.0 Analytical Procedure
7.1Principle and Applicability

Samples of serpentine aggregate taken for asbestos identification
are first examined for homogeneity and preliminary fiber
identification at low magnification. Positive identificaticn of
suspect fibers is made by analysis of subsamples with the
polarized light microscope.

The principles of optical mineralcgy are well established.?® A
light microscope equipped with two polarizing filters coupled
with dispersion staining is used to observe specific opticail
characteristics of a sample. The use of plane pclarized light
allows the determinaticon of refractive indices along specific
crystallographic axes. Morphology and ceolor are also observed.
A retardation plate is placed in the polarized light path for
determination of the sign of elcngation using orthoscopic
illumination. Orientation of the two filters such that their
vibration planes are perpendicular (crossed polars) allows
observation of the birefringence and extinction characteristics
of anisotropic particles.

Quantitative analysis involves the use of point counting. Point
counting is a standard technique in petrography for determining
the relative areas occupied by separate minerals in thin sections
cf rock. Background information on the use of point counting’
and the interpretation of point count data®is available.

This method is applicable to all bulk samples of serpentine
aggregate submitted for identification and quantification of
asbestos components.

7.2Range

The analytical method may be used for analysis of samples
containing from 0 to 100 percent asbestos. The upper detection
limit is 100 percent. The lower detection limit is 0.25 percent.

7.3Interferences

Fibrous organic and incrganic censtituents of bulk samples may
interfere with the identification and quantification of the
asbestos content. Fine particles of other materials may also
adhere to fibers to an extent sufficient to cause confusicn in

the identification.
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7.4Analytical Uncertainty
The uncertainty of the analytical method is two percent if twenty
asbestos fibers are counted in a sample c¢f 400 particles. The
uncertainty of the analytical method may be assessed by a 95%
confidence interval for the true percentage of asbestos fibers in
the rock. The number of asbestos fibers in the sample is assumed
to have a binomial distribution. If twenty asbestos fibers are
found in a sample of 400 particles, a one-sided confidence
interval for the true percentage has an upper bound of seven
percent or an analytical uncertainty of two percent'. The
confidence interval used here is an "exact" interval computed
directly from the binomial distribution.
7.5Apparatus
7.5.1 Microscope

A low-power binocular microscope, preferably stereoscopic, is
used to examine the bulk sample as received.

* Microscope: binocular, 10-45X

* Light Source: incandescent, fluorescent, halogen
or fiker optic

* Forceps, Dissecting Needles, and Probes
* (Glassine Paper, Clean Glass Plate, or Petri dish
*  Compound microscope regquirements: A polarized
light microscope complete with polarizer, analyzer,
port for wave retardation plate, 360° graduated rotating
stage, substage condenser, lamp, and lamp iris.
*  Polarized Light Microscope: described above
* QObjective Lenses: 10X
* Dispersion Staining Objective Lens: 10X

* Qcular Lens:10X

* Eyepiece Reticule: 25 point or 100 point Chalkley Point
Array or cross-hair

*  Compensator Plate: 550 millimicron retardation

* FPirst Order Red I Compensator, 530 nanometers
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7.6Reagents

Refractive Index Ligquids: 1.490-1.570, 1.590-1.720 in increments
of 0.002 or 0.004.

Refractive Index Ligquids for Dispersion Staining: High-dispersion
series, 1.550,1.605,1.630 {(optional)

UICC Asbestos Reference Sample Set: Available from UICC MRC
Pneumoconiosis Unit, Lisndough Hospital Penarth, Glamorgan CF6
1xw, UK and commercial distributors.

Tremolite—-asbestos: Available from J. T. Baker
Actinolite-asbestos: Available from J. T. Baker

Chrysotile, Amosite, and Crocidolite is available from the
National Institute of Standards and Technology.

Anthophyllite, Tremolite, Actinclite will be available from the
National Institute of Standards and Technology during the first
gquarter of 1980.

8.0Procedures

Exposure tc airborne asbestos fibers is a health hazard. Bulk
samples submitted for analysis are usually friable and may
release fibers during handling or matrix reduction steps. All
samples and slide preparations should be carried out in a
ventilated hood or glove box with continucus airflow (negative
pressure) exhausting through an HEPA filter. Handling of samples
without these precautions may result in exposure of the analyst
and contamination of samples by airborne fibers.

8.1%ample Preparation

An aliquot of bulk material is removed from the one pint sample
container. The aliquot is spread out on a glass slide. A
drop of staining solution with appropriate refractive index is
added to the aligquot. A cover slide is placed on top of the
sample slide.

The first preparation should use the refractive index solution
for Chrysotile. If during the identification phase other
ashestiforms are suspected to be present in the sample, due to
their morphology, then additional analyses shall be performed
with the appropriate solutions. Report the percentages of each
asbestiform and combine percentages to determine total asbestos
concentrations.

§.2Fiber Identification
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Positive identification of asbestos requires the determination of
the following optical properties:

Morphology (2 to 1 minimum aspect ratio)
Color and pleochroism
Refractive indices
Birefringence
Extincticn characteristics
Sign of elcngation

Table 3 lists the above properties for commercial asbestos
fibers. Natural variations in the conditions under which
deposits of asbestiform minerals are formed will occasionally
produce exceptions to the published values and differences from
the UICC standards. The sign of elongation is determined by use
of the compensator plate and crossed polars. Refractive indices
may be determined by the Becke line test. Becke line test or
dispersion staining shall be used to identify asbestos fibers.
Central stop dispersicn staining colors are presented in Table 4.
Available high-dispersiocn (HD) ligquids should be used.

8.3 Quantification of Asbestos Content
Asbestos quantification is performed by a point-counting
procedure. An ocular reticle (point array) or cross-hair is used
to visually superimpose points on the microscope field of view.

The point counting rules are as follows:

1. Record the number of points positioned directly above
each particle or fiber.

2. Record only one point if two points are positicned over
same particle or fiber.

3. Record the number of points positioned on the edge of a
particle or fiber.

4, Tf an asbestos fiber and a matrix particle overlap so
that a point is superimposed on their visual
intersection, a pecint is scored for both categories.
5. If a test point lies cover an ambiguous structure, no
particle or fiber is recorded. Examples of "ambigucus”
' structures are:

a. fibers whose dispersion colors are
difficult to see

b. structures tco small to categorize

6., A fiber mat or bundle is counted as one fiber.
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For the purpcse of the method, "asbestos fibers" are defined as
mineral fibers having an aspect ratioc greater than 3:1 and being
positively identified as one of the minerals in Table 3.

A total of 400 points superimposed on either asbestos fibers or
nonasbestos matrix material must be ccunted over at least
eight different preparations of representative subsamples. Take
eight forceps samples and mount each separately with the
appropriate refractive index liquid. The preparation should not
be heavily lcaded. The sample should be uniformly dispersed to
avold overlapping particles and allow 25-50 percent empty area
within the fields of view. Count 30 nonempty points on each
preparation, using either

A reticle with 100 points (Chalkley Point Array) and counting 25
points in at least two randomly selected fields.

or

A reticle with 25 points (Chalkley Point Array) and counting at
least two randomly selected fields.

or

A reticle with a standard cross-hair and counting at least 50
randomly selected fields.

For samples with mixtures of isotropic and anisotropic materials
present, viewing the sample with slightly uncrossed polars or the
addition of the compensator plate to the polarized light path
will allow simultanecus discrimination of both particle fypes.
Quantitation should be performed at 100X. Confirmation of the
guantitation result by a second analyst on 10 percent of the
analyzed samples should be used as standard quality control
procedure. All optical properties in Section 8.2 shall be
determined to positively identify asbestos.

EXCEPTION T
If the sample is suspected of containing no asbestos a visual
technique can be used to report that the sample does not contain
asbesteos. The rules are as follows:
1. Prepare three slides as described in Section 8.3.
2. View 10 fields per preparation. Identify all fibers.
3. 1If all fibers are nonasbestos, report no asbestos were found

and
that the visual technigque was used.
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4, If one fiber is determined to be asbestos, discontinue the
visual
method and perform the point counting technique as
described above.

EXCEPTION II

If the sample is suspected to have an asbestcs content in excess

of ten percent, a visual technique can be used to report that the

sample contains greater than ten percent asbestos. The standard
operating procedure of the visual technigue allowed in the
National Institute of Standards and Technology's National
Voluntary Laboratory Accreditation Program, Bulk Asbestoes
Handbook, National Institute of Standards and Technelogy

publication number NISTIR 88-38B7% dated Cctcbhber 18288, which is
incorporated herein by reference, shall be followed.

9.0Calculations
The percent asbestos is calculated as follows:

% asbestos = (a/n) 100% where
a = number of asbestos counts,
n = number of nonempty points counted(400)
If a = 0, report "No asbestos detected”
If a > 0, report the calculated value to the nearest 0.253%
percent

If "no asbestos detected" is reperted by the point counting
technique, the analyst may report the observation of asbestos
fikers in the non-counted portions of the sample.

10.0Alternative Methods
10.1Alternative Sampling Methods

Alternate sampling methods may be used as long as they are
substantially equivalent tc the sampling methods discussed in
Section 5 and approved by the Executive Officer of the Air
Resources Board. The ARB Executive Officer may require the
submittal of test data or other information to demonstrate
equivalency.

10.2Analytical Methods

An alternative analytical method may be used as long as it
produces results substantially eguivalent to the results produced
by the pcint counting method and approved by the Executive
Officer of the Air Resources Board. The ARB Executive Officer
may require the submittal of test data cr other information to
demonstrate eguivalency.
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Figure 1

Thin Wall Tube for Sampling

Length as Specifled in Method

/2"
min

g\\_
N

3/8" dia. (nin)
Mournting Holes

Note 1 Minimum of two mounting holes on opposite sides for 2
to
3 inch diameter sampler.

Note 2 Minimum of fcur mounting holes spaced at 90° for
samplers
4 inch diameter and larger.

Note 3 Tube held with hardened screws,

Note 4Two inch outside-diameter tubes are specified with an 18-
gauge wall thickness to comply with area ratio criteria accepted
for "undisturbed samples.”™ Users are advised that such tubing is
difficult to locate and can be extremely expensive in small
quantities. Sixteen-gauge tubes are generally readily available.
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Table 1
Suitable Thin Walled Steel Sample Tube®

Outside diameter:
inches 2 3 5
millimeters 50.8 T6.2 127

Wall thickness:

Bwg 18 16 11
inches 0.049 0.0&5 ¢.120
millimeters 1.24 1.65 3.05
Tube length:

inches 36 36 54
meters 0.91 0.%1 1.45
Clearance ratio, % 1 1 1

A The three diameters recommended in Table 1 are indicated for
purposes of standardization, and are not intended to indicate
that sampling tubes of intermediate cr larger diameters are nct
acceptable. Lengths of tubes shown are illustrative. Proper
lengths to be determined as suited to field conditions.
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Table 2

Dimensional Tolerances for Thin Walled Tubes

Neminal Tube Diameters from Table 17

Tolerances,

inches

Outside diameter

Inside diameter

Wall thickness
Ovality
Straightness

“Intermediate or larger diameters should be proporticnal.

0

. 007

015

0.030/f%

#

0.030/ft

.010

020

G

.015

030

0.030/f¢t

Tolerances shown are essentially standard commercial
manufacturing tolerances for seamless steel mechanical tubing.
and I.D. or

Specify only two of the first three tolerances; 0.D.
and Wall.

0.D.

and Wall, or 1.D.
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Approx 3/4 the
width of belt

1/2" Round Stock

1/4" Steel Plate
cut to contour
of Belt

Typical Template to Drag

Sample Off Belt
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Central Stop

Mineral

Chrysotile
magenta

Amosite
Yellow
white

Crocidolite®
magenta

Anthophyllite
magenta

Tremolite

Actinolite

RI Liguid

1.550HD

1.680

1.550HD

1.700

1.550HD

1.605HD

1.605HD

1.630HD

1.620HD

a From Reference 10.

b  Blue abscorption color.

Table 4

Dispersion Staining Colors®

blue-magenta to pale blue Golden-

Yellow to white Yellow
Lo
Red magenta Blue-
Yellow to white Yellow
to white
Blue Gold to
Gold-
Pale blue Yellow
Gold-magenta to blue Gold
Magenta Golden-

c Oblique extinction view.
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1.0 INTRODUCTION

\T§:=-1aboratories are now called upon to identify asbestos in a variety of bulk building
materials, includihg loose-fill insulations, acoustic and thermal sprays, pipe and boiler wraps,
plas:ers, paints, flooring products, roofing materials and cementitious products.

The diversity of bulk materials necessitates the use of several different methods of sample
preparatron and analysis.x An analysis with a simple stereomicroscope is always followed by
a polarized light mlcroscoplc (PLM) analysm. The results of these analyses are generally
sufﬁcient for ideﬁtiﬁcation%and quantitation of major concentrations of asbestos. However,
during these stereomicroscopic and PLM analyses, it may be found that additional techniques
are needed to: 1) attain a posi‘tive identification of asbestos; 2) attain a reasonable accuracy
for the quantity of asbestos in the sample; or 3) perform quality assurance activities to
characterize a laboratory’s performance. The additional techniques include x-ray diffraction
(XRD), 'analytical electron microscopy (AEM), and gravimetry, for wrlich there are sections
included in the method. Other techniques will be considered by the Environmental
Protection Agency (EPA) and may be added at some future time. Table 1-1 presents a

simplified flowchart for analysis of bulk materials.

~ i . i
i - i
- ANEASY

This Method for the Determination of Asbestos in Bulk Bur]dmg Matenals outhnes the

applicability of the various preparation and analysis methods to the broad spectrum of bulk
building materials now being analyzed:-. This method has been evaluated by the EPA
Atmosphenc Research and Exposure Assessment Laboratory (EPA/AREAL) to determine if

it offers 1mprovements to current analyucal techmques for buxldmg matefials. /-;Thrs method

demonstrated a capability for improving the precision and accuracy of analytlcal results. It

conmms significant revrsnons to procedures outlined in the Interim Method ! along with the

addrtron 'of several new procedures Each techmque may reduce or introduce bias, or have
some: effect on the precision of the measurement therefore results need to be mterpreted
Judlcrously.‘q Data on each technique, especmlly those new to asbestos analysrs, will be
collected over time and carefully evaluated, with resulting recommendations'for ,_changes to

the Method to be passed on to the appropriate program office within EPA.




TASLE l-l.éﬁSIMPLIFIED FLOWCHART FOR ANALYSIS OF BULK MATERIALS

STEREOMICROSCOPIC EXAMINATION
' . Qualitative (classification, fiber ID) and
. Mandatory Quantitative (calibrated volume estimate)
. ' Section 2.1
1 POLARIZED LIGHT MICROSCOPY
1 Mandatory Qualitative (classification, fiber ID) and
] . Quantitative (calibrated area estimate
3 . and/or point count)
ek _ , Section 2.2
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8 2 l : Stcreomlcroscoprc Exammatron

A pr llmmary vrsual exammatlon using a srmple stereomicroscope is mandatory for all
samples A sample should be of suf ficient size 10 provide for an adequate examination. For
'_,many samples observatrons on homogenerty, prelrmmary fiber identification and semi-
’quantltatlon of constrtuents can be made at thrs pomt Another method of rdentrﬁcatron and

_seml-quanntatlon of asbestos must bg used in COn_]UﬂCthl’l with the stereomrcroscoprc

'exammatxon. A descnptron of the suggested apparatus needed for stereomrcroscoprc

- exammatlon lS glven in Appendxx B.

The laboratorya should note any samples of msufﬁcrent volume. A sufﬁcrent sample

'_volurne is sarnp »e—type dependent For samples such as floor tiles, rooﬁng felts paper

: nsulatlon etc . three to four square. mches of the layered matenal would be a preferred

‘sample size.” Forf matenals such as cellmg tlles loose ﬁll msulatlon prpe msulatron etc., a
=L

,.sample sxze f pprox1mately one CUblC mch (~ IScc) would be preferred For sanples of

. thm

-coatmg matenals such as pamts mastrcs spray plasters tapes etc a smaller sample o



i '

" size may be suitable for analysis. Generally, samples of insufficient volume should be

rejected, and further analysis curtailed until the client is contacted. The quvantity of sample

~ affects the sensiivity of the analysis and reliability of the quantitation steps. If there is a’

question whether the sample is representative due to inhomaogeneity, the sample should be

' rejected, at least until contacting the client to see if: 1) the client can provide more material

or 2) the client wishes the laboratory to go ahead with the analysis, but with the lat:oratory
inclu'dinga statement on the limited sensitivity'and reliability of quantitation. If the latter is
the case, the report of analysis should state that the client was contacted, that the client
decided: that;'-the Jab should use less material than recommended by the method, and that the
client acknowledges that this may have limited the sensitivity and quantitation of the method.
At.the tinie‘the client is contacted about the material, he or she should be informed that a

statement reflecting these facts will be placed in the report.
2.1.1 Applicability

Stereomicroscopic analysis is applicable to all samples, although its use with hvinyl floor |

tile, asphaltlc products etc., may be limited because of small asbestos fiber sxze and/or the

\ mterfenng components. It does not provide positive ideniification of asbestos.
2.1.2 Range

Asbestos may be detected at concentrations iess than one percent by volume, but this

detection is hxghly matenal dependent.
2.1.3 Interfer‘ences'

Detectlon of possrble asbestos ﬁbers may be made more difficult by the presence of other

nonasbestos ﬁbrous components such as cellulose, fiber glass, etc., by bmder/matnx

' materials whrch may mask or obscure fibrous components, and/or by exposure to conditions

(acid envrgd‘ﬁment high temperature eic. ) capabie of altenng or transformmg asbestos
2.1.4 Prect.smn and Accuracy :

The precision and accuracy of these estlmatlons are material dependent and must be

determmed by the mdwndual laboratory for the percent range mvolved These ,values may be




determined for 'a.n individual analyst by the in-house preparation and analysis of standards
‘and the use of error bars, control charts, etc. ’

The labs should also compare to National Voluntary Laboratery Accreditation Program
(NVLAP) proficiency testing samples, il the lab participates in the Bulk Asbestos NVLAP,
or to external quality assurance system consensus results such as from proficiency testing
programs using characterized materials. However, at this time, consensus values for the
quantity of asbestos have been shown to be unreliable. Only proficiency testing materials

characterized by multiple techniques should be used to determine accuracy and precision.
2.1.5 Procedures

NG TE: Exposure to airborne asbestos fibers is a health hazard. Bulk samples
submitted for analysis are oftentimes friable and may release fibers during handling or
matrix reduction-'steps. All sample handling and examination must be. carried out in a
HEPA.-filtered hood a class 1 bichazard hood or a glove box with continuous airilow
(negative pressure). Handling of samples without these precautions may result in

exposure of the analyst to and contamination of samples by airborne fibers.

2.1.5.1 Sample Preparation

No samplé preparation should be undertaken before initial stereomicroscopic examination.

Distinct changes in texture or color on a stereomicroscopic scale that might denote an uneven
distribution of components should be noted. When a sample consists of two or more distinct.
layers or building materials, cach shouid be treated as a separate sampl ‘wherr\ possible.
" Thin coatings of paint, rust, mastic, etc., that cannot be separated from the sample ‘without.
compromising the layer are an exceptlon to this case and may be included with the layer to
which they are attached. Drymg (by heat lamp, warm plate, etc.) of wet or damp samples is
recommended before further stereomlcroscopxc examination and is mandatory before PLM
examination. Drying must be done in a safety hood. ‘ o

For nonlayered mate'lals that are heterogeneous, homogemzauon by some means (m111

blender, mortar and pestle) may prowde a more even dlstnbutnon of sample components It
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may aféo facilitated‘isa‘ggregation of clumps and removal of binder from fibers (rarely
however, it may mask fibers that were originally discernable). '

For materials such as cementitious products and floor tiles, breaking, pulverizing, or
grinding may improve the likelihood of exposing fibrous components.
It may be appropriate to treat some materials by dissolution with hydrochloric acid to

remove binder/matrix materials. Components such as calcite, gypsum, magnesite, etc., may

- be removed by this method. For materials found to possess a high organic content

(cellulose, organic binders), ashing by means of a muffle furnace or plasma asher (for small,
cellulosic samples), or dissolution by solvents may be used to remove interfering material.
In either case, it is recommended that matrix removal be tracked gravimetrically.

Additional .nformanon concerning homogenization, ashing and acid dissolution may be
found in Secuons 2 2.5.1 and 2.3.

2.1.5.2 Analysis

L4

Samples should be examined with a simple stereomicroscope by viewing multiple fields
of view over the entire sample. The whole sample should be observed after placement in a
suitable container (watchglass, weigh boat, etc.) substrate. Samples that are very large
should be subsampled. The sample should be probed, by turning pieces over and breaking
open la}'ge clumps. The purpose of the stereomicroscopic analysis is to deternnine
homogeneity, texture, friability, color, and the extent of fibrous components of the sample.
This information should then be used as a guxde to the selection of further, more definitive
qualitative and quantitative asbestos ana]ySIS methods. Homogeneity refers to whether each
subsample made for other analytical techniques (e.g. the "pinch" mount used for the PLM
analysis), is likely to be similar or dissimilar. Color can be used to help determine
'homogeneity, whether the sample has become wet (rust color), and to help identify or clarify
‘sample labelling confusion between the building material sampler and the laboratory.
Texture refers to size, 'shape and arrangement of sample cbmponents. Friability may be
indicated by the ease with which the sample is disaggregated (see definitions in Appendix A)
as received by the analyst. This does not necessarily represent the 'friabilivty of the maie_rial

as determined by the assessor at the collection site. The relative proportion of fibrous
: . |
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components to binder/matrix material may be determined by comparison to similar materials

of known fibrous content. For materials composed of distinct layers or two or more distinct
buildihg materials, each layer or distinctvbuilding material should be treated as a discrete
sample. The relative proportion of each in the sample should be recorded. The layers or
materials should then be separated and analyzed individually. Analysis results for each layer
or distinct building material should be reported. If monitoring requirements call for one
repbrted value, the results for the individual layers or materials should always be reported
along with the combined value. Each layer or material should be checked for homogeneity
during the sterecmicroscopic analysis to determine the extent of sample preparatidn and
homogenization necessary for successful PLM or other analysis. Fibers and other
components should be removed for further qualitative PLM examination.

Using the information from the stereomicroscopic examination, selection of additional
preparation and analytical procedures should be made. Stereomicroscopic examination
should typically be performed again after any change or major .preparation (ashing, acid
dissolution, milling, etc.) to the sampie.. St::reomicroscopic examination for estimation of
asbestos content may also be performed again after the qualitative techniques have clarified
the identities of the various fibrous components to assist in resolving differences between the
initial quantitaﬁve estimates made during the stereomicroscopic analysis and those of
subsequent techniques. Calibration.of analysts by use of materials of known iasbestos content
is essential, '

Thezistqreomicroscopic’examination is often an iterative process. Initial examination and
t_istimatég »f asbestos concentration should be made. The sample should then be analyzed by
PLM and possibly other techniques. These results should be compared to the initial
stereomicroscopic results. Where necessary, disagreements between results of the techniques

should be resolved by reanalyzing the sample stereomicroscopically.
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e 216 ."Cali‘bra}ii—On_Mater_ials.,_,

, Calibration materials fall into several categories, including internal laboratory standards

and other materials that have known asbestos weight percent content. These calibration

materia]'s,could include::

¢ - Actual bulk samples: asbestos-containing materials that have been characterized by
other analytical methods such as XRD, AEM and/or gravimetry. (e.g. NVLAP test
samples)
o Generated samples: in-house standards that can be prepared by mixing known
- quantities of asbestos and known quantities of asbestos-free matrix materials (by
weight), and mixing (using blender, mill, etc. ) thoroughly to achieve homogeneity;
- matrix materials such as vermiculite, perlite, sand, fiberglass, calcium carbonate,
etc. may be used. A range of asbestos concentrations should be prepared (e.g. 1, 3,
5, 10, 20%, etc.). The relationship between specific gravities of the components

used in standards should be considered so that weight/volume relationships may be
determined. :

* Photographs, drawings: photomicrographs of standards, computer-generated
drawings, etc.
Sﬁggested techniques for the preparation and use of in-house calibration standards are
presented in Appendix C, and at greater length by Harvey et al.! The use of synthesized

standards for analyst calibration and internai laboratory quality control is not new however,

~ having been outlined by Webber et al.? in 1982.
. e

2.1.7 References '
1. Harvey, B. W. R L. Perkms J. G. Nlcke'son A.J. Newland and M. E. Beard
' "Formulatmg Bulk Asbestos Standards", Asbestos Issues, April 1991 pp. 22-29.
2. Webber J. S, A Pupons and J. M. Fleser "Quality- Control Testmg for Asbestos
Analysxs with Syntheuc Bulk Materials". American Industrlal Hyglene Assoclatlons
Joumal 43, 1982, pp. 427-431.




,2.2";‘- Polarlzed Light Microscopy

2.2.1 ..Princip.le and.‘ Applicability

Samples of buik building materials taken for asbestos identification should first be
examined with the simple stereomicroscope to determine homogeneity and preliminary fiber
identification. Subsamples should then be examined using PLM to determine optical
properties of constituents and to provide positive identification of suspect fibers.

The principles of optical mineralogy are well-established.!>** A light nicroscope
eqdipped with two polarizing filters is used to observe specific optical characteristics of a
sample. The use of plane polarized light allows for the determination of refractive indices
relative to speC1ﬁc crystallographic orientations. Morphology and color are also observed -

while viewing under plane polarized light. Observation of particles or fibers while oriented

between polarizing filters whose privileged vibration directions are perpendicular (crossed

polars) allows for determination of isotropism/anisotropism, extinction characteristics of
anisotropic pamcles and calculation of birefringence. A retardation plate may be placed in
the polarized light-gath for verification of the sign of elongation. If subsamples are prepared
/ in such a way as to represent all sample components and not just suspect fibers, semi-
quantitative analysis may also be performed. Semi-quantitative analysis involves the use of
calibrated visual are'a estimation and/or point counting. Visual area estimation is a semi-

quantitative method that must relate back to calibration materials. Point countmg, also semi-

‘quantitative, is a standard technique used in petrography for determining the relatlve areas
occupled by separate minerals in thin sections of rock. Background mformatlon on the use
of pomt counting® and the interpretation of point count data® is avallable 7

Although PLM analysm is the primary technique used for asbestos determlnauon it can
show significant bias leading to false negatives and false posm_ves for certain types of
materials. PLM is limited by the visibility of the asbestos fibers. In sOrhe samples the fibers
may be’ reduced to a diameter so small or masked by coatmgs to such an extent that they

cannot be rehably observed or identified using PLM.




2.2.2 Range

The detection limit for visual estimation is a function of the quantity of sample analyzed,

the nature of matrix interference, sample preparation, and fiber size and distribution.

Asbestos may be detected in concentrations of less than one percent by area if sufficient
material is analyzed. Since floor tiles may contzin fibers too small to be resolved by PLM
(< 0.25 um in diameter), detection of those fibers by this method may not be possible.

When point counting is used, the detection limit is directly proportional to the amount of

sample analyzed, but is also limited by fiber visibility. Quantitation by area estimation, both

3 ’ visual and by point counting, should yield similar results if based on calibration standards. %

. 2.2.3 Interferences

; Fibrous and nonfibrous, organic and inorganic constituents of bulk samples may interfere

N with the identification and quantitation of the asbestos mineral content. Binder/matrix
© materials may coat fibers, affect color, or obscure optical characteristics to the extent of b

masking fiber identity. Many organic mastics are soluble in refractive index liquids and, /
unless removed prior to PLM examination, may affect the refractive index measurement of -

constituent materials. Fine particles of other materials may also adhere to fibers to an extent Je

/ p_‘i;
sufficient to cause confusion in identification. Gravimetric procedures for the removal of f
interfering materials are presented in Section 2.3. ‘
2.2.4 Precision and Accuracy L

B

Data obtained for samples corrtaining a single asbestos type in a sa'mp_‘le matrix have been - ..
reported previously by Brantley et al.® Data for establishing the accurécyland preciSioﬁ of

the method for samples with various matrices have .:zntly become available.- Perkins ’

Webber et al.® ‘and Harvey etal.’ have each documented the tendency for vrsual estimates .

THATREE

to be high when compared to point-count data. Precision and accuracy must be determmed

SPSRTIC

by the individual laboratory for the percent range involved. If point countmg and/or visual

estimates are used, a table of reasonably expanded errors, such as those shown in Table 2-1,

should be generated for different concentrations of asbestos. -

PRI s




- If the laboratory cannot demonsirate adequate precision and accuracy (documented by

control charts, etc) quantitation by additional methods, such as gravimetry, may be required.

Refer to the. Hangbmk for SRM Users' for additional information concerning the concepts

of precision 'a}nd accuracy.

TABLE 2-1. SUGGESTED ACCEPTABLE ERRORS FOR PLM ANALYSIS
(Based on 400 point counts of a reasonably homogeneous sample
_or 100 fields of view for visual estimate)

. Acceptable Mean © Acceptable Mean
% Area Asbestos Result % Area Asbestos Result
1 >0-3% 50 . 40-60%
5 >1-9% 60 50-70%
10 5-15% 70 60-80%
20 ] 10-30% - 80 70-90%
30 20-40% 90 80-100%
40 30-50% 100 - 90-100%

2.2.5 Procedures

NOTE: Exposure to airborne asbestos fibers is a health hazard. Bulk samples
submitted for analysis are oftentimes friable and may release fibers during handling or
matrix reduction steps. All sample and slide preparations must be carried out in a
HEPA-filtered, a class 1 biohazard hood, or a giove box with continuous airflow
(negative pressure). Handling of samples without these precautions may result in

exposure of the analyst to and contamination of samples by airborne fibers.

2.2.5.1 Sample Preparation

~ Slide mounts are prepared for the identification and quantitation of asbestos in the

. sample
2.2.5.1:1 Quahtatwe Analysis Preparatlon

The qualitative preparatlon must allow the PLM analysxs to clasmfy the ﬁbrous 7 '

components of the sample as asbestos or nonasbestos. The major, goal of the qualltative"

i
1
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preparation is to mount easily visible fibers in appropriate refractive index liquids for
' comolete optical characterization. Often this can be accomplished by making immersion
grain mounts of random subsamples of the homogeneous material. Immersion liquids with
refractive indices close to the suspected (see stereomicroscopic analysis) asbestos mineral
should be used for the dualitative analysis so that nj can be determined. Problem samples
include those with inhomogeneities, coatings, small fibers, and interfering compounds.
Additional qualitative preparations are often necessary for these types of samples. All
~ samples, but especially those lacking homogeneity, may require picking of fibers from
specific sample areas during the stereomicroscopic examination. Coatings on the fibers often
need to be removed by mechanical or chemical means. Teasing the particles apart or use of
a mortar and pestle or similar mechanical method often is sufficient to free fibers from
coatings. Chemical means of removing some coatings and mterfermg compounds are

discussed in Section 2.3, Gravimetry.
2.2.5.1.2 Quantitative Analysis Preparation

The major purpose of the quantitative preparation is to provide the analyst with a
representative grairi mount of the sample in which the asbestos can be observed and
distinguished from the nonasbestos matrix. This is typically performed by using randomly
selected subsamples from a homogeneous sample (see stereomicroscopic ahalysis). Particles
should be. mounted in a refractive index (RI) liquid that allows the asbestos to be ‘visihle and
distinguished from nonasl)estos components. Care should be taken to enst’xre. proper loading

| and even distribution of particles. Both the qualitative and quantltatlve sample prepa:attons _
are often iterative processes. Inmal samples are prepared and analyzed The PLM analys1s
may disclose problems or raise questions that can only be resolved by further preparations
(e.g. through the use of different RI immersion liquids, elimination of mterfenng
compounds sample homogemzatlon etc.) ‘ '

- For’ layered materials, subsamples should be taken from each mdxvxdual or dlscrete layer
hach of these subsamples should be treated as a discrete sample, but as stated in Sectlon _
2.1. 5 2, the results for the individual layers or materials may be combmed if called for by

momtonng requu'emems

RS
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" ;:H'bmogenizati(.)n involves the use of any of a variety of devices, such as a mortar and
‘pest]e, niill, or blender to pulverfze. disaggregate and mix heterogeneous, friable bulk
: maférials. ‘Selection of the appropriate device i§ dependent upon personal preference and the
nature of the materials encountered. A blender or mortar and pestle may be adequate for
homogenizing mateﬁals that lack'appreciable amounts of tacky matrix/binder, and for
separating i'nterferir:\g components from the fibers. For materials which are unusually sticky
or tacky, or contain unusually long asbestos fibers, milling (especially freezer milling) may
be more efficient. However, milling should be discontinued as soon as the material being
milled appears homogeneous, in order to reduce the potentialvfor mechanically reducing fiber
size below the resolving power of the polarizing microscope. Hammer mills or cutting mills
. may also be used on these materials; however, the same precaution regarding reduction of
fiber size should be taken. Blending /milling devices should be disassembled (to the extent

possible) and fhoroughly cleaned after each use to minimize contamination.
2.2.5.2 Analysis

| Analysis of bulk building materials consists of the identification and semi-quantitation of
the asbestos type(s) present, along with the identification, where possible, of fibrous
nonasbestos materials, mineral components and matrix materials. If the sample is
heterogeneous due to the presence of discréte layers or two or more distinct building
materials, each layer or distinct material should be analyzed, and results reported. Total |

asbestos content may also be stated in terms of a relative percentage of the total sample.

2.2.5.2.1 Identification

Positive identification of asbestos requires the determination of the following optical

properties: »
* Morphology _ | ' e Birefringence
* Cglér and, if present, pleochroisrﬁ ' | . Extinction characteristics
e Refractive indices (z .005)- ' . o Sign of _elqngation :
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* Descriptions of the optical properties listed above for asbestos ﬁbers may be found in
Apmng x A, Glossary of 1'9 ms Table 2-2 lists the above propertles for the six types of

asbestos and Table 2-3 presents the central stop dispersion staining colors for the asbestos

minerals with selected high-dispersion index liquids. Tables 2-4 and 2-5 list selected optical
prdpenies. of several mineral and man-made fibers. All fibrous materials in amounts greater
than trace should be identified as asbestos or nonasbestos, with all optical properties
measured for asbestos and at least one optical property measured for each nonasbestos
fibrous component that will distinguish each from asbestos. Small fiber size and/or binder
may neéessiiate viewing the sampl'e' at higher magnification (400-500x) than routinely used
(100x). | |

Although it is not the purpose of this section to explain the principles of optical
mineralogy, some discussion of the determination of refractive indices is warranted due to its
importance to the proper identificatior: of the asbestos minerals. Following is a brief
discussion of refractive index determination for the asbestos minerals.

' All.asbestos minerals are anisotropic, meaning that they exhibit different optical |
properties (including indices of refraction) in different directions. All asbestos mineralS are
biaxial, meaning that they have one principal refractive index parallel (or nearly parallel) to
the length of the fiber and two principal refractive indices (plus all intefrhcdiate indices
between these two) in the plane perpendicular (or nearly so) to the length of the fiber.
Although chrysotile (seipentine) is classified as a biaxial mineral, it behaves as a uniaxial
mineral (two principal refractive indices) due to its scrolled stfucture'f' Amosite and -
crocidolite, although also biaxial -exhibit uniaxial properties due to tWinning of thé érystal
structure and/or random orientation of fibrils in a bundle around the Iong axis of the bundle.
For all of tne asBestos minerals except crocidolite, the highest refractive index (7) is allgned
with the fiber len;gth (positive sign of elongation). For crocxdohte, the lowest refractive -
index (o) is'alig'ned with the ﬂber length (negative sign of elongation). 'A'- more cdrﬁplete
explanation of the relauonshlp of refractive indices to the crystallographxc dxrecnons of the
asbestos mmeral.s may be found in References 1, 2, 4, 11 and 12. It should be. noted that for
the measurement of refractwe indices in an anisotropic particle (e.) g. asbestos__ﬁbers), the

orientation of the particle is quite critical. Orientation with respect to rotatidn' aboht the axis -
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of the mlcroscope (and thus with rcspecl to the vibration directions of the polanzer and -

] analyzer) and also to the horizontal plane (plane of the microscope <tage) will affect the

determination of the correct values for refractive indices. The refractive index that is

measured will always correspond to a direction perpendicular to the axis of the microscope

(i.e., lying in the plane of the stage) and is the direction in that horizontal plane parallel to

the v1brat|on direction of the polarizer, by convention E-W.

To determine «(n ]| for chrysotile, anthophyllite and amosite, the index is measured

when the length of the fiber is aligned parallel to the vibration direction of the polarizer (E-

W). Under crossed polars, the fiber should be at extinction in this orientation. To

determine the Jowest refractive index, o (nl1), for chrysotile and amosite, the fiber should
be orlented N-S (extinction position under crossed polars). The determination of n |l andnL
thh croadohte is accomplished in the same manner as with amosite and chrysotile with the
exceptxoh that the o and v directions are reversed. For crocidolite, o is measured at the E-
W position (parallel to the polarizer) and v is measured at the N-S orientation (perpendicular
to the polarizer). For anthophyllite, the fiber should be oriented N-S and the lowest and -
highest indices for this orientation should be measured. These correspond-to « and
respectively. |

The extinction behavior of tremolite-actinolite is anomalous compared to that of most
monoclix}i.c minerals due to the orientation of the optic axes relative to the i‘.rystallographic
axes. This relationship is such that the refractive indices of the principal axes o and v are
not measured when the fiber is exhibiting the maximum extinction angle. The values
measured at these positions are o and /. The fiber exhibits an extinction angle within a few
degrees of the maximuia throughout most of its rotation. A wide range 6f refractive indices
from o to a, and from to vy, are observed. For tremolite-actinolite, 8 is 'measured‘o'n

those fibers displaying parallel extinction when oriented in the N-S position. The fefractive

~ index for a is also measured when the fiber is oriented’ generally in the N-§ posmon and

-exhibits ¢ he true exgmcuo | angle; true o will be the minimum ‘index. To determme the -

refractlye index for v, the fibers should be oriented E-W and exhibit the. trug extmctmn B

angle; true y will be the maximum value for this orientation.
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-.--When"viewing single fibers, the analyst may often be able to manipulate the microscope
 slide cover slip and "roll" the fibers to positions that facilitate measuring the true values of
refractive indices. When viewing a large population of fibers with the microscope in the
dispersion staining mode, the analyst can easily detect fibers that exhibit the highest and
lowest indices (8 and «) in the N-S position and the highest indices (y) in the E-W position.
Since individual asbestos fibrils cannot generally be resolved using polarized light
microscopy, refractive indices are most commonly measured on fiber bundles. Such
-measurements would not result in true‘values for the indices and therefore by convention
should be"rep.orted as o and 7.
' Asbestd's types chrysotile, amosite and crocidolite are currently available as SRM 1866
and actinolite, tremulite and anthophyllite as SRM 1867 from the Office of Standard

Reference Materials, National Institute of Standards and Technology.

'2.2.5.2.2 Quantitation of Asbestos Content

As described in Sections 2.1.5 and 2.1.6, a calibrated visual volume estimation of the
relative concentrations of asbestos and nonasbestos components should be made during the
stereomicroscopic examination. In addition, quantitation of asbestos content should be
performed on subsample slide mounts using calibrated visuai area estimates and/or a point
counting procedure. Section 2.1.6 and Appendix C discuss the procedures for preparation

and use of calibration standards. After thorough PLM analysis in which the asbestos and
other components of the bulk material are icentified, several slides should be carefully

prepared from randomly selected subsamples. If the sample is not h‘o_inogeneous, some .

homogenization procedure should be performed to ensure that slide preparations made from

small pmch samples are representative of the total sample. Homogenization may range from
gentle mlxmg using a mortar and pestle to a brief period of mixing usmg a blender equnpped
with a mini- sample contamer The homogemzatlon should be of short duratlon (~15 .
seconds) 1f using the blender techmque so as to preclude a 31gn1ﬁcant reduction in ﬁber size.
The use of large cover slips (22x30mm) allows for large subsamples to be analyzed ‘Each
slide should be checked to ensure that the subsample is representatwe umform]y dxspersed

~and loaded in a way so as not to be dominated by supenmposed (overlappmg) partxcles

16 S
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Durmg the quahtatxve analySIs of the samp]e the analyst should dec1de on the appropnate._

optical system (mcludmg magnification) to' maximize the visibility of the asbestos in the

sample while still allowing the asbestos to be umquely distinguished from the matrix
materials. The analyst may choose to alter the mounting medium or the optical system to
enhance contrast. During the quantitative analysis, slides should be scanned using an optical
setup that yields the best visibility of the asbestos. Upon finding asbestos, the parameters
that were selected in the quélitative analysis for uniquely distinguishing it from the matrix
should be wsed for identification. These properties will vary with the sample but include any |
or all of the parameters required for the qualitative analysis. For instance, low magnification
allows for concurrent use of dispersion staining (focal screening), but compromises resolution
of extremely small diameter fibers; use of a compensator plate and crossed polarizers
frequently enhances the contrast between asbestos fibers and matrix material.

Visual area estimates should be made by comparison of the sample to calibration
materials that have similar textures and fiber abundance (see Section 2.1.6 and Appendix C).
A minimum of three slide mounts should be examined to determine the asbestos content by
visual area estimation. Each slide shouid be scanned in its entirety and the relative »
proportions of asbestos and nonasbestos noted. It is suggested that the ratio of asbestos to
nonasbestos smaterial be recorded for several fields for each slide and the results be compared
to data derived from the analysis of calibration materials having similar textures and asbestos

content.

For pomt countmg, an ocular reticle (cross- -line or pomt array) should be used to v1sually '

- supenmpose a point or points oa the microscope field of view. The cross-line reticle is -

preferred. Its use requires the scanning of most, if not all, of the slide area,-__thereby

minimizing bias that might fesult from lack of hbmbgéneity in the slide prepafation.~ In
conjunction with this reticle, a click-stop counting stage can be used to 'preclud"e introdttcing' .-'
bias during slide advancement. Magmﬁcatlon used will be dlctated by ﬁber VlSlblllty The .~
slide should be examined along multiple paranel traverses that adequately cover the sample |
area. The analyst should score (count) only points directly gver occupled (nonempty) areas.
Empty points should not be scored on the basis of the closest particle. If an asbestos nbf‘r K

and a nonasbestos pamcle overlap so that a pomt is supenmposed on thelr v1sual mtersectlon
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a pomt should be scored for both categones If the point(s) is/are superimposed on an arca
which has scveral overlappmg pamcles the slide should be moved to another field. While
not mcludmg them in the total asbestos points counted, the analyst should record the presence
of any asbestos detected but not lying under the reticle cross-line or array points. A
minimum of 400 counts (maximum of eight slides with SO counts each to minimum of two
slides with 200 counts each)' per sample is suggested, but it should be noted that accuracy

and precision improve with number of counts. Point counting provides a determination of

the prOJected area percent asbestos. Conversion of arez percent to dry weight percent is not

feasible unless the specific gravmes and relative volumes of the different materials are

known. It should be noted that the total amount of material to be analyzed is dependent on
the asbestos concen_tratioin, i.e. the lower the concentration of asbestos, the larger the amount
of sample that should be analyzed, in both the visual estimation and point counting methods.
- Quantitation by either method is made more difficult by low asbestos concentration, small
fiber size- and presence of interfering materials.

It.ls suggested that asbestos concentration be reported as volume percent, weight percent
or area ijercent depending on the method of quantitation used. A weight concentration
cannot be determined without knowing the relative specific gravities and volumes of the

sample componenis.
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" TABLE 2-3. TYPICAL CENTRAL STOP DISPERSION STAINING COLORS'
" Mineral Cargille’ nf ni
RI1 Liquid
Chrysotile 1.550HD Magenta to light blue-green Blue-green to pale blue
Ao's ca. 520-620nm Ao's ca. 600-700nm
Amosite 1.680 Yellow to magenta Blue magenta to light blue
Ao's ca. 420-520nm No's ca. 560-660nm
Crocidolite 1.680 Yellow to magenta Pale yellow to golden yellow
Ao's ca. 420-520nm A¢'s ca. 360-460nm
Anthophyllite- | 1.605HD Pale yellow to yellow Golden yellow to light blue green
asbestos Ao's ca. 330-430nm Ao's ca. 460-700am
Tremolite- 1.605HD Pale yellow to yellow Golden yellow to light blue green
asbestos Xo's ca. 330-430nm Xo's ca. 460-700nm
Actinolite- 1.605HD Pale yellow Pale yellow to golden yellow
asbestos A¢'s ca. 260-360nm No's ca. 360-460nm
1.630HD Yellow to magenta Golden yellow to blue
Ao's ca. 420-520nm X's ca. 450-600nm

Modified from reference 16

TABLE 2-4. OPTICAL PROPERTIES OF MAN-MADE TEXTILE FIBERS'"

Fiber Type n| - onl nf -ni Sign of

' Elongation
Polyester (Dacron®) 1.710 1.535 0.175 +
Polyamide (Nylon®) | 1.582 | 1.514 0.063 +
Aramid (Kevlar®) =2.37 1 =1.641 0.729 +
Olefin (Polyethylene) | 1.556 1.512 0.044 +
Olefin (Polypropylene) [ 1.520 1.495 0.025 +
Viscose Rayon 1.535-1.555 | 1.515-1.535 { 0.020 +
Acetate 1.478-1.480 | 1.473-1.476 | 0.004-0.005 +
Acrylic (Orlon®) 1.505-1.515 | 1.507-1.517 | 0.004-0.002 -
Modacrylic (Dynel®) 1.535 - | 1.532 0.002 %

*Refractive indices for specific fibers; other fibers may vé'ry

Modified from reference 17
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2.2.5.2.3 -Miéroscope Alignmeﬁt

In order to accurately measure the required optical properties, a properly aligned
polarized light microscope must be utilized. The microscope is aligned when:

1) the privileged directions of the substage polarizer and the analyzer are at 90° to one
another and are represented by the ocular cross-lines;

2) the compensator plate’s privileged vibration directions are 45° to the privileged
directions of the polarizer and analyzer;

3) the objectives are centered with respect to stage rotation; and,
4) the substage condenser and iris diaphragm are centered in the optic axis.

Additionally, the accurate measurement of the refractive index of a substance requires the
use of calibrated refractive index liquids. These liquids should be calibrated regularly to an

accuracy of 0.004, with a temperature accuracy of 2°C using a refractometer or R.1. glass
beads.
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2.3 Gravimetry

2.3.1 Princ_iple and Applicability

Many components of bulk building materials, specifically binder COmponents' can be
selectively removed using appropnate solvents or, in the case of some orgamcs by ashing.

The removal of these components serves the following purposes: . . . i ,
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1) to isolate asbestos from the sample, allowing its weight to be determined:
2) to concentrate asbestos and therefore lower the detection limit in the total sample;
3) to aid in the detection and identification of fibrous components; and,

4) to remove organic (ashable) fibers which are optically similar to asbestos.

Common binder materials which are removed easily using the techniques described
_include: 1) calcite, gypsum, magnesite, brucite, bassanite, portlandite, and dolomite, using
hydrochloric acid, and 2) vinyl, cellulose, and other organic components, by ashing. The
removal of the binder components results in a residue containing' asbestos, if initially present,
and any other non-soluble or non-ashable components which were present in the original
sample. Unless the procedures employed result in the loss of some asbestos, the weight -
percent of the residue is the upper limit for the weight percent of asbestos in the sample.
This section describes the procedure for removing acid-soluble and ashable components,
and fer. determining the weight percent of the residue. However, the acid dissolution and
ashing techmques can be used without the accompanying weight measurements to either
liberate or clean fibers to aid in qualitative PLM or AEM analyses.
This technique is not an identificaticn technique. Other:methods,'such as PLM, XRD, or
AEM must be-used to determine the identity of the components. A description of the
suggested apparatus, reagents, etc. needed for the techniques described isrin.cluded in

Appendix B.
2.3.2 3Interferences ' /

Any components which cannot by removed from the sample by selecuve dlssoluuon or
ashing interfere w1th asbestos quantltauon These components mclude but are not limited to
many silicates (micas, glass ﬁbers etc.) and oxides (Ti0,, magnetlte etc )- When mterfermg
phases are present (the residue contams other phases in addition to asbestos), other

‘techniques such as PLM AEM or XRD must be used to determme the percent of asbestos

in the resxdue

24
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Care must be taken to prevent loss of or chemical/structural changes in the crmcal _
‘components (asbestos). Prolonged exposure to acids or excessive heating (above 500°C) can

cause changes in the asbestos components in the sample and affect the optical properties.'2?

2.3.3 Quantitation

The weight of the residue remaining after solvent dissolution/ashing should be compared
with the original weight of the material. Presuming no insoluble material is lost, the weight
percent of the residue is the upper limit for the amount of asbestos in the sample. If the
residue lsf,.contprised only of asbestos, then the weight percent of residue equals the weight
percent of-"asbestos in the sample. If the residue contains other phases, then techniques such
as PLM, XRD, or AEM must be employed to determine the relative abundance of asbestos

in the residue. |
| The precision and accuracy of the technique are dependent upon the homogeneity of the
material, the accuracy of the weight measurements, and the effectiveness of the sample
reduction and filtering procedures§ In practice, the precision can be equal to il %, and the
:accuracy-at 1 wi% asbestos can be less than or equal to +10% relative.

The incomplete solution of components and the presence of other nonasb.estos components
"in the residue contribute to producing a positive bias for the technique (falsely high

percentages of asbestos).
2.3._4 Preliminary Examination and Evaluation

Stereomicroscopic and PLM examinations of the sample should already have been
conducted prior to initiating this procedure. These examinations should have provided '
information about: 1) whether the sample contains components which can be removed by
- acid-washing, solvent dissolution, or ashmg, and 2) whether the sample contams asbestos or
fibers that mlght be asbestos or whether no asbestos was detected . L

If tbe sample is fnable and contams orgamc (ashable) components the ashmg procedure

should be followed. If the sample is frlable and contains HCI- soluble components the acxd

dissolution procedure should be followed If the sample is fnable and contams both types of"__, o -

25
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components. the two procedures can be apphed preferably wnh acid dissolution following
ashing.

If the sample is nonfriable (e.g. floor tiles), it is also recommended that the ashing
procedure be used first, followed by the acid dissolution procedure. The ashing procedure

reduces floor tiles to a material which is easily powdered, simplifying the sample preparation
for acid dissolution.

235 'Sample Preparation

2.3.5.1 Drying

Any moisture in the sample will affect the weight measurements, preducing falsely low
percentages. of residue. If the sample is obviously wet, it should be dried at low temperature
(using a heat lamp, or simply by exposure at ambient conditions, prior to starting the
weighing procedure) If an oven is used, the drying temperature should not exceed 60°C.
Drying by-means of heat lamp or ambient air must be performed within a safety-filtered
hood. Even if the sample appears dry, it can contain enough moisture to affect the precxston
and accuracy of the techmque The test for sample moisture involves placmg the amount of
sample to be used on the weighing pan; if the weight remams stable with time, then the

s ‘sample is dry enough. If the weight decreases as the sample sits on the weighing pan, then
the sample should be dried. Where conditions of moderate to high humidity are known to

exist, all materials to be weighed should be allowed time to stabilize to these ambient

conditions.

i S L T

2.3.5.2 Homoge_nization/Grain Size Rednction

To increase the accuracy and precision of the acid dissolution techmque the sample
' should be homogenized prior to analysrs This reduces the grain size of the bmder matenal
and releases it from ﬁber bundles so that it may be dissolved in a shorter txme penod ‘
Leavmg the sample in the acid for a longer period of txme to complete the dlSSO]Uthﬂ process
can adversely . affect the asbestos components, and is not recommended Homogemzatxon of

. the sample also ensures that any material removed for analys15 will more hkely be

representatwe of the entire sample.
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'Homogenization of friable samples prior to ashing may also accelerate the ashing process;

however, the ‘ashing time can simply be increased without affecting the asbestos in the

sample. Nonfriable samples, such as vinyl floor tiles, can be broken or shaved into pieces to :
increase surface area and accelerate the ashing process. {
Hotnogenization and grain size reduction can be accomplished in a variety of ways: 1)
hand grinding in a mortar and pestle; 2) crushing with pliers or similar instrument; 3) mixing
in a blender; 4) milling (i.e. Wylie mill, cryomill, etc.); or S) any other technique which
seems suitabile. If the fibers are extremely long, a pair of scissors or similar implement can

be used to'reducethe fiber length.
2.3.6 Procedure for Ashing
i) Weigh appropriate amount of material.

There is no restriction on the maximum weight of material used; however, a large
amount of material may take longer o ash. Enough material should be used to avoid
a significant contribution of weighing errors to the total accuracy and precision.

2) Place material in crucible, weigh, and cover with lid.
Placing a lid on the crucible both minimizes the amount of oxygen available, sloWing
the rate of combustton of the sample, and prevents any foreign material from falling
‘into the crucible during ashing.

J) Place crucible into furnace, and ash for at least 6 hours.

The furnace temperature at the sample position should be at least 300°C but should
not exceed 500°C. If the sample combusts (burns), the temperature of the sample
may exceed 500°C. Chrysotile will decompose above approximately 500°C.

The furnace area should be weli-ventilated and the fumes produced by ashmg should
be exhausted outside the building.

. The ashing time is dependent on the furnace temperature, the amount of sample and
the surface area (grain size). Six hours at 450°C is usually sufficient.

4) Remove cructble from furnace, allow contents to adjust to room temperature R
and humldlty, and weigh.
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5) Divide residue weight by startmg weight and multiply by 100 to determine
weight% residue.

6) Analyze residue and/or proceed to acid dissolution procedure.

If the objective was to remove organic fibers that may be confused optically with
asbestos, examine residue with PLM to determine whether any fibers remain.

If the sample is a floor tile, the acid dissolution procedure must now be performed.
The residue does not have to be analyzed at this stage.

2.3.7 Use of Solvents for Removal of Organics

Solvent dissolution may be used as a substitute for low temperature ashing for the

purpose of removing organic interferences from bulk building materiais. However, solvent

dissolution, because of the involvement of potentially hazardous reagents such as
tetrahydrofuran, amyl acetate, 1-1-1, trichlorethane, ete., requires that all work be
performed with extreme caution inside a biohazard hood. Material Safety Data Sheets
should be reviewed before using any solvent. Solvent dissolution involves more apparatus

than does ashing, and requires more time, mainly due to set-up and slow ﬁltranon resulting

from .v1;scous solvent/re51due mixtures.

The following is a brief description of the solvent dissolution process.

1y 'Weigh starting material.

Place approximately 15-25ml of solvent in a 100ml beaker. Add 2.5-3.0 0r:’ims
(carefully welghed for continued gravimetric tracking) of powdered sample.

2) Untrasomcate sample

Place the beaker in an ultrasonic bath (or ultrasonic stirrer) for approximately 0.5
hqurs The sample containers should be covered to preclude escape nf an aerosol
. spray.

3) Centrifuge sample.

‘Weigh centrifuge vial before adding beaker ingredients. Wash beaker with an _
additional 10-15ml of solvent to remove any remaining concentrate.” Then centrifuge
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4)

‘at japprox.imately 2000-2500 rpm for 0.5 hour. Use solvent-resistant centrifuge

. tubes. -

Decant sémple, reweigh.

After sepasation by centrifuging, decant solvent by pipetting. Leave a small amount
of solvent in the centrifuge vial to minimize the risk of decanting solid concentrate.
Allow solid concentrate to dry in vial, then reweigh.

2.3.8 ProCedur¢ for Acid Dissolution

1)

2)

3)

Weigh starting material, transfer to acid resistant container.

Smal.l', dry sample weights between 0.1g and 0.5g are recommended (determined for
47mm filters - adjust amount if different diameter filters are used). If too much
.material is left after acid dissolution the filter can get clogged and prevent complete
‘filtration. Very small samples are also to be avoided, as the weighing errors will
have a large effect on the total accuracy and precision of the technique.

Weigh filter.
Add _'HCI to sample in container, stir, allow to sit for 2-10 minutes.

Either concentrated or dilute HCI can be used. If concentrated HCl is used, add
enough acid to completely soak the material, allow the reaction to proceed to
completion, and then dilute with distilled water. Alternatively, a dilute solution,
made by adding concentrated HC to distilled water, can be used in the place of
concentrated HCl. A solution of 1 part concentrated HCI to 3 parts distilled water
‘(approximately 3N solution) has been found to be quite effective in removing
components within 5 minutes. For a sample size less than 0.5g, 20-30 m! of a 3N
HCI solution is appropriate. In either case (using concentrated or dilute HCI), the
reaction will be more effective if the sample has been homogenized first. All
obvious signs of reaction (bubbling) should cease before the sample is filtered. Add
fresh acid, a ml or two at a time, to ensure complete reaction. It should be noted
that if dolomite is present, a 15-20 minute exposure to concentrated HCI may be
required to completely dissolve the carbonate materials.

.NOTE: Other solvents may be useful for selective dissolution of nonasbestos
‘tomponents. For example, acetic acid will dissolve calcite, and will not dissolve

~ asbestos minerals. If any solvent other than hydrochloric acid is used for the
dissolution of inorganic components, the laboratory must be able to demonstrate that

- ghe solvent does not remove asbestos from the sample.
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8)

9

) Filter solution.

Use the pre-Weighed filter. Pour the solution into the vacuum filter assembly, then
rinse all material from container into filter assembly. Rinse down the inside walls of
the glass filter basin and check :or particles clinging to the basin after removal.
Weigh dried filter + residue, subtract weight of filter from total.

Divide residue weight by starting weight and multiply by 100 to determine

. weight% residue.

Analyze residue.

Perform stereomicroscopic examination of residue (can be performed without

removing the residue from the filter). Note in particular whether any binder material
is still present.

Perform PLM, AEM, or XRD analysis of residue to identify fibers and determine
concentration as described in the appropriate sections of this method.

Modify procedure if necessary.

If removal of the acid soluble components was not complete, start with a new
subsample of material and try any of the following:

a) Decrease grain size of material (by grinding, milling, etc.)
b) Put solutions on hot plate - warm slightly '

¢) Increase soak time (exercise caution)

Calculate relative weight% asbestos in sample.

wt% asbestos in sample = % asbestos in residue x wi% residue + 100

For floor tiles, if the ashing procedurej was used first, multiply the weight % of
asbestos in the sample, as determined above, by the weight percent of the residue
from the ashing procedure, then divide by 100.

Example: _ .
A = wt% residue from ashing = 70%
B = wt% residue from HCI = 20%

C = wt% of asbestos in HCI residue = 50%

W% asbestos after HCI dissolution = B x C = 100 = 20 x 50 + 100 = 10%
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~ wi% asbestos in floor tile = (B x C + 100) x A + 100 = 10X 70 = 100 = 7%

If welghts are expressed in decrma] form, mumply the werght % of asbestos in the -

sample by the weight % of the resrdue from the ashmg procedure -then multiply by.
100.

wt% asbestos after HCI dissolution = B x C. = 0.2 x 0.5 = 0.1 (x 100 = 10%)
Wt asbestos in floor tile = (B x C) x A = 0.1 x 0.7 = 0.07 (x 100 = 7%)
2.3.9 Determination of Optimal Precision and Accuracy

The precision of the technique can be determined by extracting multiple subsamples from
the'original sample and applying the same procedure to each. " The optimal accuracy of the
technique can be determined by appiying gravimetric standards. Mixtures of calcite and
asbestos (chrysotile, arnosite, etc.) in the following proportions are recommended for testing
the accuracy of the acid dissolution technique: 0.1 wt% asbestos/99.9 wt% calcite, 1.0 wt%
asbest0s/99.0 wt% calcite, and 10 wt% asbestos/90 wt% calcite. Mixtures of cellulose and
asbestos are useful for testing the accuracy of the ashing technique.

ertures of only two components as described above, are srmpllﬁcatrons of "real-world"
samples The accuracy determmed by analyzing these mixtures is consrdered optrmal and
may not apply directly to the measurement of each unknown sample. However analyzmg
replicates and standards usrng the full laboratory procedure, including homogemzatron
ashmg, acid drssolutron, ﬁltratron, and weighing, may uncover steps that mtroduce significant

bias or variation that the laboratory may then correct.

2.3. 10 References

- 1. Kressler, J. R., "Changes in Opttcal Propertres of Chrysotile Durmg Ac1d
' 'Leachmg" The Mrcroscope, 31, 1983 pp 165 172

- Prentice, J. and M. Keech :“Alteratron of Asbestos wrth Heat" Mi'c'roééopy and "
o _Analysrs, March 1989 AT IS T S S .

. Laughlm G. and W C McCrone "The Effect of Heat on the Mrcroscoprca]
' 'Propertres of Asbestos" :;_The Mlcroscope, 37 1989 pp 8 15




© 2.4" X-Ray Powdler Diffraction
- 2.4.1 Principle and Applicability
The principle of x-ray powder diffraction (XRD) analysis is well established.'?  Any

solid crystalline material will diffract an incident beam of parallel, monoshromatic x-rays

whenever Bragg's Law,

A = 2d sin 6,

is satisfied for a particular set of planes in the crystal 'attice, where

‘the x-ray wavelength, A;
the interplanar spacings of the set of reflecting lattice planes, A and
the angle of incidence between the x-ray beam and the reflecting lattice planes.

A
d
6

I

By appropriate‘ orientation of a sample relative to the incident x-ray beam, a diffraction
pattern can be generated that will be uniquely characteristic of the structure of the crystalline
phases present. | ,

Unlike optical methods of analysis, however, XRD cannot determine crystal morphology. )
Therefore, in asbestos analysis, XRD does not distinguish between fibrous and non'ﬁbrous
forms of the serpentine and amphibole minerals (Table 2-€). However, whe_n used in .
conjunction with methods such as PLM or AEM, XRD techniques'can protk_ide a rel‘ia'b]e_
analytical method for the identification and characterization of asbestiform mi_nerals in bul‘k'
materials. |

For qualitative analysis by XRD methods, samples shou]d tmtrally be scanned over
limited diagnostic peak regions for the serpentine (~7.4 A) and amphlbole (8.2-8.5 Ay
minerals (Table 2-7). Standard slow-scanning methods for bulk sample analysrs may be used
for materials shown by PLM to contain significant amounts of- asbestos (>5 percent) '
‘Detection of minor or trace amounts of asbestos may requrre specra] sample preparatlon and
step- scannmg analysis. Al] samples that exhlblt diffraction peaks m the dragnostlc regrons
for asbestxform mrnerals should be submitted to a full (S°-60° 20"‘ 1° 20/m1n) quahtatxve

XRD scan, and thelr diffraction patterns should be compared wrth standard referenc """powder ,_ﬁ:'}fff




a - d-iffi‘fcictioh patterns’ to verify initial peak assiénments and to identify possible matrix
| intérferenées.when' subsequent quantitative analysis will be performed.

Accurate. quantitative analysis of asbestos in bulk samples by XRD is critically
dependent on particle size distribution, crystallite size, preferred orientation and matrix
absorption effects, and comparability of sfandard reference and sample materials. The most
intense diffraction peak that has been shown to be free from interference by prior qualitative
XRD analysis shouid'be selected for quantitation of each asbestiform mineral. A “thin-layer\"
method of analysis™® can be used in which, subsequent to comminution of the bulk material
to ~ 10 pfn by suitable cryogenic milling techniques, an accurately known amount of the
sample is deposited on a silver membrane filter. The mass of asbestiform material is
3 determined by measuring the integrated area of the selected diffraction peak using a step-
scanning mode, correcting for matrix absorption effects, and comparing with suitable
calibration standards. Alternative "thick-layer" or bulk methods’,* are commonly used for

semi-quantitative analysis.
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- TABLE 2-6. THE ASBESTOS MINERALS AND THEIR
NONASBESTIFORM ANALOGS

_ Chemical Abstract
Asbestiform Nonasbhestiform Service No.
Serpentine
Chrysotile Antigorite, lizardite 12001-29-5
Amphibole
Anthophyllite asbestos Anthophyllite 77536-67-5
Cummingtonite-grunerite Cummingtonite- -
asbestos (Amosite) grunerite 12172-73-5
Crocidolite Riebeckite 12001-28-4 -
Tremolite asbestos Tremolite 77536-68-6
- Actinolite asbestos Actinolite 77536-66-4

TABLE 2-7. PRINCIPAL LATTICE SPACINGS OF ASBESTIFORM MINERALS!

2.706¢,

JCPDS
Mincrals Principal d-spacings (A) Powder diffraction file®
.. and relative intensities number
Chrysotile (Serpentine) 73100 3,65, 4570 | 21-543
T 7.36,0 3.665, | .45, | 25-645 .
7.10,4 .33, 3.554 | 22-1162 (theoretical)
Amosite (Grunerite) 8. 33,00 3.064 2,756 | 17-745 (nonﬁbrous)
’ 8.22.0 | 3.060, | 3.254 | 27-1170 (UICC)
“Anthophyllite 3.05,0 3.24,, 8.26,, 9-455
3.06,4 8.33 323, 16-401 (synthetic) -
Crocidolite (Riebeckite) 835 | 3.104 | 2.720, | 27-1415 (UICC)
- 8.40,0, 312 | 2.726, | 19-1061
Actinolite 2N 254, | 3.40, 25-157
Tremolite 8.38,4 312 | 2705, | 13-437 ,
' 2,706,y 3.14, |- 8.43, | 20-1310° (synthetic)
3.13,0 8.44, | 23-666 (synthetic mixture

w/richterite) o

1. This information is intended as a guide only. 'Compl'elc powder. diffraclioh:'dvhla; fn’éldding

mineral type and source, should be referred to ensure comparability of sample and reference
Additional precision XRD data on amosite, crocidolite, tremolite and

materials where possible.

chrysotile are available from the U.S. Bureau of Mmes Reference 4.

!J

From Reference 3
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Thxs XRD method is apphcable as a confirmatory method for 1denuﬁcat10n and
e quanntatron of asbestos in bulk material samples that have undergone pnor analysis by PLM

or other optical methods.
2.4.2 Range and Sensitivity

The range and sensitivity of the method have not been determined. “They will be variable
',an‘d dependent upon many factors, including matrix effects (absorption and interferences),
diagnostic reflections selected and their relative intensities, preferred orientation, and
instrumental limitations. A detection limit of one percent is feasible given certain sample

characteristics.
2.4.3" Limitations
2.4.3.1 Interferences

Since the asbestiform and nonasbestiform analogs of the serpentine and amphibole
minerals (Table 2-7) are indistinguishable by XRD techniques unless special sample
preparauon techniques and instrumentation are used,’ the presence of nonasbestiform
serpentmes and amphiboles in a sample will pose severe interference problems in the
identification and quantitative analysis of their asbestiform analogs.

The use of XRD for identification and quantitation of asbestiform minerals in bulk
samples may also be limited by the presence of other interfering materials in the sample.’
'For naturally- occurring materials, the commonly associated asbestos-related mmeral
mterferences can usually be anticipated. However, for fabricated ma‘enals the nature of the
interferences may vary greatly (Table 2-8) and present more serious prob)ems in
identification and quantitation.'® Potential interferences are summarized in Table 2-9 and

include the followmg

. Chlonte has major peaks at 7.19 A and 3.58 A that interfere with both the pnmary

(7.31 A) and secondary (3.65 A) peaks for serpentine (chrysotile).” Resolution of the K

primary peak to glve good quantitative results may be possxble when a step scanmng
mode of operatlon is employed ' : CET

'pnmary peak (7 31 A) and a secondary peak (3 65 A) of serpentme (chrysoulc) -

e Vermiculite has secondary peaks at 7 14 A and 3.56 A that could mterfere w1th the
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TABLE 2-9 INTERFERENCES IN XRD ANALYSIS OF

ASBESTIFORM MINERALS

Primary diagnostic
Asbestiform peaks (approximate Interference
Mineral d spacings in A)
Serpentin® 7.3 Nonasbestiform serpentines, (antigorite,
Chrysotile lizardite), chiorite, vermiculite, sepiolite,
kaolinite, gypsum
3.7 Nonasbestiform serpentines (antigorite,
lizardite), chlorite, vermiculite, halloysite,
s cellulose
Amphibole 3.1 Nonasbestiform amphiboles (grunerite-
Amosite (Grunerite) cummingtonite, anthophyllite, riebeckite,
Antnophyllite tremolite), mutual interferences, talc,
‘Crocidolite carbonates
(Riebeckite)
Tremolite 8.3 Nonasbestiform amphiboles (grunerite-
Actinolite cummingtonite, anthophyllite, riebeckite,
tremolite), mutual interferences

Sepiolite produces a peak at 7.47 A which could interfere with the primary peak
(7.31 A) of serpentine (chrysotile).

Halloysite has a peak at 3.63 A that mterferes with the secondary (3.65 A) peak for
serpentine (chrysotile).

Kaolinite has a major peak at 7.15 A that may mterfere with the primary peak of
serpentine (chrysotile) at 7.31 A when present at concentrations of > 10 percent.

However, the secondary serpentine (chrysotile) peak at 3 65 A may be used for
quantltatlon

Gypsum has a major peak at 7.5 A that overlaps the 7. 31 A peak of serpentme o
(chrysotile) when present as a major sample constituent. This may be removed by

careful washmg with distilled water, or by heating to 300°C to convert gypsum to

plaster of paris (bassamte) :

‘ Cellulose has a broad peak that partially overlaps the secondary (3.65 A) serpentme
(chrysoule) peak §

te
.
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Overlap of major diagnostic peaks of the amphibole minerals, grunerite (amosite),
- anthophyllite, riebeckite (crocidolite), and tremolite, at approximately 8.3 A and 3.1
\ causes mutual interference when these minerals occur in the presence of one
another. In some instances adequate resolution may be attained by using step-
scanning methods and/or by decreasing the collimator slit width at the x-ray port.

TR R N P R R e

* Carbonates may also interfere with quantitative analysis of the amphibole minerals
- grunerite (amosite), anthophyllite, riebeckite (crocidolite), and tremolite-actinolite.
Calcium carbonate (CaC0y) has a peak at 3.035 A that overlaps major amphibole
peaks at approximately 3.1 A when present in concentrations of > 5 percent, -
Removal of carbonates with a dilute acid wash is possible; however, the time in acid ]
should be no more than 20 minutes to preclude any loss of chrysotile." ‘

* A major talc peak at 3.12 A interferes with the primary tremolite peak at this same
position and with secondary peaks of actinolite (3.14 A), r.ivebeckite (crocidolite) (3.10
A), grunerite (amosite) (3.06 A), and anthophyllite (3.05 A). In the presence of talc,

the major diagnostic peak at approximately 8.3 A should be used for quantitation of :
these asbestiform minerals. ‘

The problem of intraspecies and matrix interference is further aggravated by the :

- variability of the silicate mineral powder diffractionbpattems themselves, which often makes o
definitive identification of -the asbestos minerals by comparison with standard reference ) ]
diffracgpn patterns difficult. This variability results from alterations in the crystal lattice

associated with differences in isomorphous substitution and degree of crystallinity. This is ;‘

XTI

especially true for the amphiboles. These minerals exhibit a wide variety of very similar
chemical compositions, resulting in diffraction patterns characterized by having major (110)
reflections of the monoclinic amphiboles and (210) reflections of orthorhombic anthophyllite
separated by less than 0.2 A -

' 2.4.3.2 Matrix Effects

If a copper xFray source is used, the presence of iron at high concentrations in a sample
will result in signiﬁcaht x-ray fluorescence, leading to loss of péak intensity, increased |
background intensity, and an overall decrease in sensitivity. This situation may be corrected
by use of an x-ray source other than copper; however, this is often accompanied both by 1055 _

of intensity and by decreased resolution of closely spaced r'eﬂection_‘s.' Alte’métiVely,‘ use of a
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diffracted beam monochromator wiil reduce background tluorescent radiation, enabling
we_aker‘diffraction peaks to be detected.

X-ray absorption by the sample matrix will result in overall attenuation of the diffracted
beam and may seriously interfere with quantitative analysis. Absorption effects may be
minimized by 'usih‘g sufﬁciéntly “thin" samples for analysis.*'*!* However, unless absorption
effects are known to be the same for both samples and standards, appropriate corrections
should be made by'referencing diagnostic peak areas to an internal standard”® or filter

substrate (Ag) peak.*¢

2.4.3.3 Patticle Size Dependence

Because the intensity of diffracted x-radiation is particle-size dependent, it is essential for
accurate quantitative analysis that both.sampleiand standard reference materials have similar
particle ;ize distributions. The optimum particle size (i.e., fiber length) range for
quantitati\_ie.'analysis of asbestos by XRD has been reported to be | to 10 ym."
Comp‘a'ir;lbility of sample and standard reference material particle size distributions should be

verified by optical microscopy (or another suitable method) prior to analysis.
2.4.3.4 Preferred Orientation Effects

Preferred orientation of asbestiform minerals during sample preparation often poses a
serious problem in quantitative analysis by XRD. A number of techniques have been
“developed for reducing preferred orientation effects in "thick layer" samples.”*'* For "thin"
samples on' membrane filters, the‘prefer_red orientation effects seem to be both reproduéible
‘and favorable to enhancement of the principal diagnostic reflections of asbestos minerals,
actually increasing the overall sensitivity of the method.'> Hcwever, further investigation

into preferred orientation effects in both thin layer and bulk samples is required.
2.4.3.‘5: Lack of Suitably Characterized Standard Materials

..;.- . . R o .
The problem of obtaining and characterizing suitable reference materials for asbestos
analysis is clearly recognized. The"N'at‘ional Institute of Standards and Technology can

1
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provi'de standard reference materials for chrysotile, amosite and crocidolite (SRM 1866) and
anthophyllite, tremolite and actinolite (SRM 1867).

In additi'on, the problemv of ensuring the comparability of standard reference and sample
‘materials, particularly regarding érystallite size, particle size distribution, and degree of |
crystaiinity, has y'et. to'be adequately addressed. For example, Langer et al.'* have observed
that in insulating matfices, chrySotile tends to break open into bundles more frequently than
émphip.o'lesj. This results in a line-broadening effect with a resultant decrease in sensitivity,
Unless A:'this: effect is the same for both standard and sample materials, the amount of
chrysotile in the sample will be under-estimated by XRD analysis. To minimize this

problem, it is recommended that standardized matrix reduction procedures be used for both

sample and standard materials.

2.4.4 Precision and Accuracy

Neither the precision nor accuracy of this method has been determined. The individual
laboratory should obtain or prepare a set of calibration materials containing a range of .
asbestos weight percent concentrations in combination with a variety of matrix/binder

materials. Calibration curves may be constructed for use in semi- quanutatnve analys:s of

buik materials.
2.4.5 Procedure

2.4.5.1 Sampling

Samples taken for analysis of asbestos content should be collected as specified by EPA"’
2.4.5.2 Analysis S

All samples must be analyzed initially for asbestos content by PLM. XRD may be used
as an additional technique, both fof identiﬁcation and quantitafion of sample compdn’énté'
Note: Asbestos is a toxic substance. “All handling of dry materials should be performed
in-a safety-hood ’
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g ":2 4. 5 2 1 Sample Preparauon

v The method of sample preparauon required for XRD analysis will depend on: (1) the
condmon of the sample received (sample size, homogeneity, particle size distribution, and
overall composmon as determined by PLM); and (2) the type of XRD analysis to be
performed (qualitative or quantitative; thin-layer or bulk).

“Bulk .materia]s are usually received as heterogeneous mixtures of complex composition
with ver.y wide particle size distributions. Preparation of a homogeneous, representative
sample from asbestos-containing materials is particularly difficult because the fibrous nature
of the asbestos minerals inhibits mechanical mixing and stirring, and because milling
procedures may cause adverse lattice alterations.

A discussion of specific matrix reduction procedures is given below. Complete methods
of sample preparatian are detailed in Sections 2.4.5.3 and 2.4.5.4. Note: All samples
should be examined microscopically before and after each matrix reduction step to

monitor changes in sample particle size distribution, composition, and crystéllin'ity, and

to ensure sample representativeness and homogeneity for analysis.

2.4.5.2.2 Milling

Mechanical milliné of asbestos materials has been shown to decrease fiber crystallinity,
with a resultant decrease in diffraction intensity of the specimen; the degree of lattice
alteration is related to the duration and type of milling process.”* Therefore, all milling
times should be kept to a minimum.

For qualitative analysis, parﬁcle size is not usually of critical importahce and in'ivtia]
characterization of the material with a minimum of matrix reduction is often desirable to
dbcumpnt the composition of the sample as received. Bulk samples of very large particle
size (>2-3 mm) should be comminuted to ~ 100 pum. A mortar and pestle ‘can sometimes be
used in size reduction’ of soft or loosely bound materials though this may cause mattmg of
some samples. Such samples may be reduced vy cutting with a razor blade in a mortar, or
by gnndmg in a suitable mill (c g., a microhammer mill or equwalent) When using a
‘mortar for grinding or cuttmg, the sample should be mmstencd with ethanol or some: other

.
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Sui':i_éoie.y\'etting agent, to minimize exposure, and the procedure should be performed in a
. HEPA-filtered hood. |
~ For accurate, reproducible quantitative analysis, the particle size of both sample and
standard materials should be reduced to ~ 10 um . Dry ball milling at liquid nitrogen
temperatures (e.g., Spex Freezer Mill", or equivalent) for a maximum time of 10 minutes
(some samples may require much shorter milling time) is recommended to obtain satisfactory
particle size disth_’butions while protecting the integrity of the crystal lattice.”> Bulk samples
of yery"large pariicle size may require grindbing in two- stages for full matrix reduction tc
<10 pm. ¢

-Final particle size distributions shouid always be verified by optical microscopy or

another suitable method.
2.4.5.2.3 Ashing

For materials shown by PLM to contain large amounts of cellulose or other organic
mateﬁal;, it may be desirable to ash prior to analysis to reduce background radiation or
matrix interference. Since chrysotile undergoes dehydroxylation at temperatures between
550°C and 650°C, with subsequent transformation to forsterite,>*?* ashing temperatures
should be kept below S00°C. Use of a muffle furnace is recommended. In all cases,
calibration of the furnace is essential to ensure that a maximum ashing temperature of 500°C

is not exceeded (see Section 2.3).
2.4.5.2:4 Acid Washing

Because of the interference caused by gypsum and some carbonates in the detection of
asbestrform mmerals by XRD (see Section 2.4.3. 1), it may be necessary to remove these

mterferences by a simple acid washmg procedure prior to ana]ysrs (see Sectron 2.3).
2.4.5.3 Qualrtatwe Analysrs
2.4.5 .3. fc.,,lnitial Screening of Bulk Material

Quahtatrve analysrs should be performed on a representatrve homogeneous pomon of the

samole with a minimum of sample treatment, using the followmg procedure
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2.4.5.2.2) 10 a final particle size sufficiently small (~ 100 pm) to allow adequate
packing into a sample holder.

. Gﬁ‘nd'and mix the sample with a mortar and pestle (or equivalent method, see Section

. Pack sample into a standard bulk sample holder. Care should be taken to ensure that
a representative portion of the milled sample is selected for analysis. Particular care
should be taken to avoid possible size segregation of the sample. (Note: Use of
back-packing method® for bulk sample preparation may reduce preferred
orientation effects.)

- Mount the sample on the diffractometer and scan over the diagnostic peak regions for
the serpentine (~7.4 A) and amphibole (8.2-8.5 A) minerals (see Table 2-7). The x-
ray diffraction equipment should be optimized for intensity. A slow scanning speed
of 1° 26/min is recommended for adequate resolution. Use of a sample spinner is
re¢commended.

. Submit all samples that exhibit diffraction peaks in the diagnostic regions for
asbestiform minerals to a full qualitative XRD scan (5°-60° 26; 1° 26/min) to verify
initial peak assignments and to identify potential matrix interferences when subsequent
quantitative analysis is to be performed.

. Compare the sample XRD pattern with standard reference powder diffraction patterns
(i.e., JCPDS powder diffraction data’ or those of other well-characterized reference
materials). Principal lattice spacings of asbestiform minerals are given in Table 2-7:
common constituents of bulk insulation and wall materials are listed in Table 2-8.

2.4.5.3.2 Detection of Minor or Trace Constituents

Routine screening of bulk materials by XRD may fail to detect small concentrations
(<1%) of asbestos. The limits of detection will, in general, be improved if matrix

absorption effects are minimized, and if the sample particle size is reduced to the optimal 1

t010 pm range, provided that the crystal lattice is not degraded in the milling process.

Therefore, in those instances when confirmation of the presence of an asbestiform mineral at

very low levels is required, or where a negative result from initial screening of the buik §

material by XRD (see Section 2.4.5.3.1) is in conflict with previous PLM fesults, it may be

‘desirable to pfepare the sample as described for quantitative analysis (see Section 2.4.5.4)

and step-scan over appropriate 2 ranges of selected diagnostic peaksv‘(Ta_ble 2-7). Accurate

1
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1.

trénsfeif of the sample to the silver membrane filter is not necessary unless subsequent

- quantitative analysis is to be performed.

2.4.5.4 Quantitative Analysis

The proposed method for qhantitation of asbestos in bulk samples is a modification of the

! NIOSH-recommended thin-layer method for chrysotile in air.® A thick-layer bulk method
involving pelletizing the sample may be used for semi-quantitative analysis;”® however, this
method requires the addition of an internal standard, use of a specially fabricated sample
press, and relatively large amounts of standard reference materials. Additional research is
required to evaiuate the comparability of thin- and thick-layer methods for quantitative
asbestos analysis.

: For quantitative analysis by thin-layer methods, the following procedure is recommended:

Mill and size ali or a substantial representative portion of the sample as outlined in
Section 2.4.5.2.2.

v oL
L

Dry at 60°C for 2 hours; cool in a desiccator.

Weigh accurately to the nearest 0.01 mg.

Samples shown by PLM to contain large amounts of cellulosic or other organic
materials, gypsum, or carbonates, should be submitted to appropriate matrix
reduction procedures described in Sections 2.4.5.2.3 and 2.4.5.2.4. After ashing
and/or acid treatment, repeat the drying and weighing procedures described above,
and determine the percent weight loss, L. :

Quantitatively transfer an accurately weighed amount (50-100 mg) of the sample to a
1-L volumetric flask containing approximately 200 mL 1sopropanol to which 3 to 4

drops of surfactant have been added.

Ultrasonicate for 10 minutes at a power density of approxxmately 0.1 W/mL to
dlsperse the sample matenal :

~ Dilute to volume with isopropa‘nol.

Place flask on a magnetic-stirring plate. Stir.

Place silver membrane filter on the filtration apparatus, apply a vacuum, and attach
the reservoir. Release the vacuum and add several milliliters of isopropanol to the
reservoir. Vigorously hand shake the asbestos suspension and immediately withdraw
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an aliquot from the center of the suspension so that total sample weight, W, on the
filter will be approximately 1 mg. Do not adjust the volume in the pipet by
expelling part of the suspension; if more than the desired aliquot is withdrawn,
discard the aliquot and repeat the procedure with a clean pipet. Transfer the aliquot
to the reservoir. Filter rapidly under vacuum. Do not wash the reservoir walls.
Leave the filter apparatus under vacuum until dry. Remove the reservoir, release
the vacuum, and remove the filter with forceps. (Note: Water-soluble matrix
interferences such as gypsum may be removed at this time by careful washing of the
filtrate with distilled water. Extreme.care should be taken not to disturb the sample.)

. Attach the filter to a flat holder with a suitable adhesive and place on the
diffractometer. Use of a sample spinner is recommended.

. For each asbestos minerai to be quantitated, select a reflection (or reflections) that
has (have) been shown to be free from interferences by prior PLM or qualitative
XRD analysis and that can be used unambiguously as an index of the amount of
material present in the sample (see Table 2-7).

. Analyze the selected diagnostic reflection(s) by step-scanning in increments of 0.02°
20 for an appropriate fixed time and integrating the counts. (A fixed count scan may
be used alternatively; however, the method chosen should be used consistently for all
samples and standards.) An appropriate scanning interval should be selected for
each peak, and background corrections made. For a fixed time scan, measure the
background on each side of the peak for one-half the peak-scanning time. The net
intensity, I,, is the difference between the peak integrated count and the total
background count.

. Determine the net count, I,,, of the filter 2.36 A silver peak following the
procedure in step 12. Remove the filter from the holder, reverse it, and reattach
it to the holder. Determine the net count for the unattenuated silver peak, 15,
Scan times may be less for measurement of silver peaks than for sample peaks
however they should be constant throughout the analysxs

. Normallze all raw, net intensities (to correct for instrument mstabrhtres) by
referencing them to an external standard (e.g., the 3.34 A peak of an a-quartz
reference crystal). After each unknown is scanned, determine the net count,

I°, of the reference specimen following the procedure in step 12. Determine
the normalized intensities by dividing the peak intensities by 1°,:



2.4.6 Calibration
2.4.6.1 Preparation of Calibration Standards

1. Mill and size standard asbestos materials according to the procedure outl_ined in -
Section 2.4.5.2.2. Equivalent standardized matrix reduction and sizing
techniques should be used for_ both standard and sample materials.

2. Dry at lOO°C for 2 hours cool in a desiccator.- .
3 Prepare two suspensrons of each standard in lsopropanol by welgmng approxrmately
10 andkSO mg.of the dry material to the nearest 0.01 mg. Transfer each toa i-L
- » volumetric flask containing approximately 200 mL 1sopropanol to Wthh a few drops
“of surfactant have been added. :

4 Ultrasom te for 10 minutes at a power densrty of approxnmately O l W/mL to .
disperse t asbestos material. . Rt S

5. Drlute to volume with tsopropanol

6. Place the ﬂask on a magnetic strrnng plate. Strr

7. Prepare, in tnphcate, a senes of at least five standard ﬁlters to cover, the desrred

analytical range, using appropriate aliquots of the 10°and. 50 mg/L suspensions. For

~ each standard, mount a silver membrane filter on- the filtration’ apparatus. -Place 2
" few mL-of isopropanol in the reservoir. . Vlgorously hand: shake: the" asbestos - L
suspension and 1mmed1ately withdraw an aliquot from the cent of the suspensron
Do not adjust the volume in the pipet by expelling part of the suspensron if more |

.« than the desired aliquot is withdrawn, discard the allquot and resume the procedure

“"With a clean pipet. Transfer. the aliquot to the reservoir.. Keep the tip of the pipet-

near the surface of the rsopropanol Frlter rapidly. under ‘vacuum: Do’ not ' wash the =~
" sides of the reservoir. Leave the vacuum on for a time’ sufﬁclent to dry the ﬁlter S

Release tne vacuum and remove the ﬁlter with forceps
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;‘l';'?2 a. 6 2 Analysns of Calrbratlon Standards

B 'l.'v " Mount each ﬁlter on a flat holder Perform step scans on selected diagnostic
 reflections of the standards and reference specimen using the procedure outlined in
Section 2.4.5.4, step 12, and the same conditions as those used for the samples.

¢

2. Determine the normalized intensity for each peak measured, 1°, , as outlined in
td
Section 2.4.5.4, step 14.

~2.4.7 Calculations

‘For each asbestos reference material, calculate the exact weight deposited on each

standard filter from the concentrations of the standard suspensions and aliquot volumes.

Record the weight, w, of each standard. Prepare a calibration curve by regressing {° std’ ©
w. Poor reproducibility (+15 percent RSD) at any given level indicates problems in the
: sample preparation technique, and a need for new standards. The data should fit a straight-
o line equation. |
- Determine the slope, m, of the calibration curve in counts/microgram. The intercept,
{ b, of the line with the l° axis should be approximately zero. A large negative intercept

mdrcates an error in determmmg the background. This may arise from mcorrectly measurmg

the baseline or from interference by another phase at the angle of background measurement,

A large posmve intercept indicates an error in determmmg the baseline or that an 1mpurity is

included in the measured peak.
: Usmg the normalized intensity, l Ag for the attenuated silver peak of a sample, and

filter, catlculate the transmittance, T, for each sample as follows m‘

:‘_."’ T = A0

Ag

Determine the correction factor, f(T), for each sample accord"i'n‘g'to the formula:
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the correspondmg normalized mtensrty from the unattenuated silver peak l g’ of the sample
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where

" sin O
g - 222 0ag
51n6a

Oug = ahgular position of the measured silver peak (from Bragg's Law), and
6, = angular position of the diagnostic asbestos peak.
Calculate the weight, W,, in micrograms, of the asbestos material analyzed for in each

sample, using the absorption corrections:

Iaf(t) - b
Calculate the percent composition, P,, of each asbestos mineral analyzed for in the parent
material, from the total sample weight, Wy, on the filter:

Ww,(1 - .01L) -
P, = X 100

a

We
where
P, = percent asbestos mineral in parent material;
W, = mass of asbestos mineral on filter, in ug;

W, = total sample we_ight 'th filter, in ug;

L = percent weight loss of parent material on ashing and/or ac‘:id' treatment (see Section

2454).
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2.5 Analytical Electron Microscopy
~ 2.5.1 Applicability

Analyucal e]ectron nncroscopy (AEM) can often be a reliable method for the detection
and positive identification of asbestos in some bulk building materials, both friable and
nonfriable. The method is particularly applicable to bulk materials that contain a large
- amount of interfering materials that can be removed by ashing and/or dissolution and contain

asbestos fibers that are not resolved by PLM téchniques. Many floor tiles and plastéré would

be included in this type of sample In combination with suitable specimen preparauon

techniques, the AEM method can also be used to quarmfy asbestos concentratlons

2.5.2 Range

The range is dependent on the type of bulk material being analyzed. The upper detection
limit is 100%, and ‘the lower detec'tion limit can be as low as-0.0001 % depénding on the

extent to which interfering materials can be separated during the preparation of AEM

V-
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specnmens the sophlstlcatlon of the AEM preparatron and the amount of labor expended on
AEM examination. ' ' '

2.5.3 Interfe_rences '

The presence of a large amount of binder/matrix materials associated with fibers can
make it dlfﬁcult to positively identify fibers as asbestos. The portion of the fiber examined

by elther electron diffraction or energy dlsperswe X-ray analy31s (EDXA) must be free of

bmder/matnx matenals
2.5.4 Precision and Accuracy
The precislon and accuracy of the method have not been determined.

2.5.5 ProcedureS'

The procedures for AEM specimen preparatron depend on the data requrred In analysns
of ﬂoor tiles, the wetgh\,d residue after removal of the matrix components (see Section 2. .3,
Gravimetry) is often mostly asbestos, and the task is primarily to ldentlfy the fibers. In this
situation the proportion of asbestos in the resndue can be estimated by AEM and this estimate
can be used to refine the gravnmetnc result. For many floor tiles, the ﬂnal result is not very
sensitive to errors in this estimation because the proporuon of asbestos in the resrdue 1s very
high. For samples in which this is not the case, precise measurements can be made usmg a
quantxtatlve AEM preparation, in which each grid openmg of the specrmen gnd corresponds
to a known welght of the ongmal sample or of a concentrate denved from the ongmal

sample. Asbestos fibers on these gnds are then 1denuﬁed and measured:‘. usmg a ﬁber o

counting protocol which i 1s directed- towards a precxse determmatlon of mass concentratlon.
This latter procedure is su1table for samples of low asbestos concentratton or for those in

Wthh it is not possnble to remove 2 large proportlon of the matnx matenal

2. 5 5 1 AEM Specrmen Preparatnon for Sem1 Quantnauve Evaluauon

The resrdual matenal from any ashmg o' dlssoluuon procedures (see Sectlon 2 3) used 3

(usually trapped on a membrane ﬁ.ter) should be placed in.a small volume "of »ethanol or

another solvent such as acetone or 1sopropyl alcohol in a dlsposable beaker and dlspersed o
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by treatment in an ultrasomc bath A small volume of this suspensron (approxrmately 3ul)
- should be prpetted onto the top of a carbon-coated TEM grid. The suspension should be
- allowed to dry under a heat lamp. The grid is then ready for examination.
Samples that are not conducive to ashing or dissolution may also be prepared in this way
for AEM analysrs A few milligrams of the sample may be ground in a mortar and pestle or
mllled dispersed in ethanol or another solvent using an. ultrasonic bath, and pipetted onto a

grid as described previously.
2.5.5.2 AEM Specimen Preparation for Quantitative Evaluation

The objectrve of this preparatton is to obtain a TEM grid on which a known weight of
the bulk sample: is represented by a known area of the TEM grid. A known weight of the
bulk sample or of the residue after extractior, should be dlspersed in a known volume of
dlstllleerater Allquots of this dispersion should then be filtered through 0.22 um pore-size
MCE or 0.2 wm pore-size PC filters, using ﬁltratlon techniques as descrlbed for analysis of
water samples.' In order to obtain filters of appropnate particulate loadmg for AEM
analysis, it may be necessary to perform serial dilutions of the initial dispersion. TEM grids
should then be prepared from appropriately-loaded filters, using the standard methods.’

‘Determination of the mass concentration of asbestos on the TEM gri'ds[ requires a
different fiber counting protocol than that usually used for determination of numerical fiber
concentrations. ‘Initially, the gnds should be scanned to determine the dimensions of the
~ largest asbestos ﬁber or fiber ‘bundle on the specnmens The volume of this fiber or. bundle
~ should be calculated The magmﬁcanon of the AEM should be set ata value for which the
| length of this fiber or bundle Just ﬁlls the ﬂuorescent screen. Asbestos fiber countmg should

then be continued at this magmﬁcatlon ~The count should be termmated when the volume of

the tmtxal large fiber or bundle represents less than about 5% of the mtegrated volume of all

asbestos fibers detected This counting strategy ensures that the ﬁber countmg effort 1s »'

directed toward those fibers which contnbute most to the mass, and permtts a precxse mass

concentratlon value to be obtamed
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12.5.5.2]1 Identification

- To document the positive identification of asbestos in a sample, the analyst should record
the following physical properties: morphology data, electron diffraction data, EDXA data,
and any other diéiinguishing characteristics observed. For fibrous structures identified as
nonasbestos, the unique physical property or properties that differentiate the material from
asbestos should be recorded. _ _

The purpose of the identification data collected is to prevent or limit false negatives and
false positives. This can be accomplished by having a system for measuring and recording
the d-spacings and symmetry of the diffraction patterns, determining the relative abundance
of the elements detected by EDXA, and comparing these results to reference data. The
laboratory should have a set of reference asbestos materials from which a set of reference
diffraction patterns and x-ray spectra have been developed. Also, the la'borat'ory should have

available reference- data on the crystallography and chemical composition of minerals that

might énalytiéaill-y'in'terfere with asbestos.

2.5.6 'Referénces )

1. Chatﬁeld E.J., and M. J. Dillon, Analytical Method for Deter mination of
.Asbestas Flbers in Water, EPA-600/4-83-043. U.S. Environmental Protecuon
Agency Environmental Research Laboratory, 1983.

2. Environmental Protection Agency’s Interim Transmission Electron Microscopy -
Analytical Methods--Mandatory and Nonmandatory--and Mandatory Section to

‘Determine Completion of Response Actions, Appendix A o subpart E 40 CFR
__:part 763

2.6 cher Methodologies
A‘\riditional analytical methods (e.g.'Scanning Electron Microscopy) may be applicable for
some bulk materials.  However, the analyst should take care to recognize the lrmnatrons of

any analyucal method chosen. Conventional SEM, for example cannot detect small

dxameter fibers (~ < 0.2um), and cannot determine crystal structure. It i 1s however very

useful for observmg surface features in complex pamcle matrices, and for determmmg
elemental compositions. . _ L : ;
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3.0 QUALITY CONTROL/QUALITY ASSURANCE OPERATIONS- PLM

s

A program to routmely assess the quahty of the results produced by the PLM laboratory
must be developed and 1mplemented Quahty Control (QC) is a system of activities whose
purpose is to control the quality of the product or service so that it meets the need of the
users. This also includes Quality Assessment, whose purpose is to provide assurance that
the overall quality control is being done effectively. While the essential elements of a quality
control system are described in detail elsewhere,'?*4%¢ only several of the elements will be

“discussed here. Quality Assurance (QA) is comprised of Quality Control ana Guality
Assessment and is a system of activities designed to provide assurance that a product or
service meets defined standards of quality.

-'I“he‘::i)urpose of the Quality Assurance program is to minimize failures in the analysis of
materiale prior to submttting the results to the client. Failures in the anal.ysis of asbestos
materié]s include false positives, false negatives, and misidentification of asbestos types.
False positives result from identification or quantitation errors. False negatives result from
identification, detection, or quantitation errors. '

For“the. stereomicroscopic and PLM techniques, the quality control procedures should
characterize the accuracy and precisibn of both individual. analysts and the techniques.
Analysts should demonstrate their abilities on calibration materials, and also be checked
routinely on the analysis of unknowns by comparison with results of a second analyst. The
limitations of the stereomicroscopic and PLM techniques can be determined by using a

second analytlca] technique, such as gravnnetry, XRD, or AEM. For example |
stereomlcroscoplc and PLM techmques can fail in the analysis of ﬂoor tiles because the
asbestog fibers in the sample may be too small to be resolved by light microscopy. An XRD
or AEM analysis is not subject to the same limitations, and may indicate_ the presence of
asbestos in the sample o | _ =

The accuracy, precxslon and detection limits of all analytlcal techmques descnbed in th1s
method are dependent on the type of sample (matnx components texture etc.), on the

' preparatnon of the samp]e (homogeneity, grain size, etc ), and the spec1ﬁcs of the method

(number of pomt counts for PLM, mass of sample for gravxmetry countmg tlme for XRD
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etc ) These should be kept in mmd when desrgmng quality control procedures and

' charactenzmg performance, and are vanables that must be tracked m the quahty assurance
system. '

3.1 General Considerations
3.1. 1 Training

Of paramount rmportance in the successful use of this or any other analytrcal method is
the well trained analyst. It is highly recommended that the analyst have completed course .
_ work in optrcal mmeralogy on the collegrate level. That is not'to say that others cannot

successfully use this method, but the classrﬁcatron error rate’ may, in some cases, be drrectly

attnbutable to level of trarmng In addmon to completed course work m opucal mineralogy,
specrahzed course work in PLM and asbestos tdentrﬁcatlon by PLM i is de51rable Expenence
is as 1mportant as education. - A good laboratory trammg program can be used in place of
course work. - Analysts that are in trarmng and not yet fully qualrﬁed should have all |

analyses checked by a quallﬁed analyst before results are released A QC Plan for asbestos N

1dentrﬁeatton would be consrdered mcomplete without a detarled descnptron of the analyst

trarmng program together wrth detarled records of tralmng for each analyst

3. l 2 Instrument Calrbratron and Mamtenance

Mrcroscope alrgnment checks (ahgnment of the polanzer at 90° W1th respect to the
analyzer, and comcrdent w1th the cross lmes proper orientation of the slow vrbratron
' dtrectron of the Red I compensator plate rmage of the ﬁeld draphragm focussed in the plane
' of the specrmen centenng of the central drspersron starmng stop, etc ) should be performed
wrth sufficient frequency to ensure proper operatrons quurds used for: refractwe mdex
'gdetermmauon and those cptronally used for drspersron starmng should have penodlc L
'refractrve mdex checks usmg a refractometer or known refracuve 1ndex sohds These
s callbratlons must be documented LT '

Mrcroscopes and anctllary equrpment should be mamtamed dally i
at least once per year. each mrcroscope be thoroughly cleaned and. re ahgned by a

' vprofessional mtcroscope servrce techmcran Adequate mventones of replaceable parts
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"(lllummatron lamps, etc.) should be established and mamtamed All mamtenance must be
documented

3.2 Qua,lityv Control of Asbestos Analysis

3.2 1"- Qualitative Analysis

All analysts must be able to correctly identify the six regulated asbestos-types (chrysotile,

amoslte; crocidolite, anthophyllite, actinolite, and tremolite) using combi_ned -
stereomicroscopic and PLM techniques. Standards for the six asbestos types listed are
available from-NIST, and should be used to train analysts in the measurement of optical
properties and identification of asbestos. These materials can also be used as identification
standards.for XRD and AEM.

“Identification errors between asbestos types (e.g. reporting amosite when tremolite is
present) impliesthat the analyst'cannot properly determine optical properties and is relying
on morphology 2s.the identification criteria. This is not acceptable. Each analyst in the lab
should prova his or her proficiency in identifying the asbestos types; this can be checked
through use of calibration materials (NYL_AP proficiency testmg materials, materials
characterized_by an ipdependent techniqhe and synthesized materials) and by cornparing'
i2sults with another analyst. The identification of all parameters (e.g. refractive 1nd1ces
blrefrmgence sign of elongation, etc. ) leadmg to t‘te identification should fall w1th1n control
' limits determined by the laboratory In addition, a subset of ;naieriais should be analyzed
using another technique to confirm the analysis. |

As. dxscussed earlier, the quahtatwe analysxs is dependent upon matrix and asbestos type'
” 'and texture Therefore, the quality. avsurance system should momtor for samples that are
dlfficult t0 analyze and develop addttlonal or specxal steps to ensure accurate characterlzatxon

of these materials. ‘When- an analyst is found to be out of the control llmtts deﬁned by the '

laboratory, he or she should undergo addmonal tratmng and have conﬁrmatory’ analyses

performpd on all samples untll the problem has been corrected
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3.2.2 Quantitative Analysis -

The determination of the amount of asbestos in a sample can be accomplished using the
vanous techmques outlined in this method. The mandatory stereomicroscopic and PLM
examinations provide concentrations in terms of volume, area, or weight, depending upon the
calibration procedure. Gravimetric and quantitative XRD techniques result in concentrations
in units of weight percent. Specific guidelines for determining accuracy and precision using
these techniques are provided in the appropriate sections of this method. In general,
however, the accuracy of any technique is determined through analysis of calibration
materials which are characterized by multiple independent techniques in order to provide an
unbiased value for'.lhe analyte (asbestos) in question. The precision of any technique is
determined by multiple analyses of the sample.  The analyst is the detector for
stereomicroscopic and PLM techniques, as opposed to gravimetric and XRD techniques, and
therefore must be calibrated as an integral part of the procedure.

As in the qualitative analysis, the laboratory should determine its accuracy and precision
for quantitative asbestos analysis according to the type of material analyzed and the technique
used for analysis. For example, the laboratory may determine that its analysts have a
problem with calibrated area estimates of samples containing cellulose and chrysotile and
therefore needs to make or find special calibration materials for this class of sample.

Calibration materials for quantitative analysis of asbestos are available through the Bulk

Asbestos.NVLAP as proficiency testing materials for those laboratories enrolled in NVLAP.

‘Ina repoqt provided following a test round, the concentration of asbestos i in each’ sample is

given in welght percent with 95%/95% tolerance limits, along with a descnphon of the
major matrix components. “Materials from other round robin and quality assurance programs
for asbestos analysis may not have been analyzed by independent techniques; the
concentrations may represent consensus PLM results that could be significantly blased
Therefore, values from these programs should n not be used as calibration matenals for .
quantxtauve analysns y o

Cahbratxon materials for quantxtatxve analysxs can also be synthesnzed by mixing asbestos
and appropnate matnx matenals, as described in Appendlx C of this method These

58




¢ ,p-recrsnon determined from analysis of these materials are probably ideal.
o lelts on permlssrble analytical variability must be established by the laboratory prior to
QC 1mpl¢mcn_¢_atron. It is recommended that a laboratory initially be at 100% qualrty control
| (all samples _réanalyzed.) The proportion of quality control samples can later be lowered
gradually., as'cdntrol. indicates, to a minimum of 10%. Quantitative results for standards
includin’g "t_he"mean and error estimate (typically 95% confidence or tolerance intervals)
"should be recorded. Over time these data can be used to help determine control limits for
quality control charts.
The establishment and use of control charts is extensively discussed elsewhere in the

1.2,34.5

literature. Several cautions are in order:

e  Control charts are based on the assumption that the data are distributed normally.
Using rational subgrouping, the means of the subgroups are approximately normally
distributed, irrespective of the distribution of the individual values in the subgroups.
Contro} charts for asbestos analysis are probably going to be based on individual
measurements, not rational subgroups. Check the data for normality before

before an attempt is made to establish controi limits. However, for this analysis,
‘consider setting "ternporary” limits after accumulating 20-30 analyses of the sample.

¢ Include both prépared slides as well as bulk samples in your reference inventory.

e  Make certain that sample quantities are sufficient to last, and that the act of sampling
will not alter the composition of the reference sample. '
Data on analytical variability can be obtained by having analysts repeat their analyses of

| samp.leS 'and also by having different analysts analyze the same samples.
- 3.3 Interlaboratory Quality Control

The establi_shment and maintenance of an interlaboratory QC program is fundamental to
continued -assurance that the data p'roduced within the laboratory are of consistent high .
quality.” Intralaboratory programs may not be as sensitive to accuracy and precision error,
especially if the control charts (see Section 3.2.2) for all analysts in the laboratory mdrcate
small percent differences. A routine mterlaboratory testing program will assrst in the -

detecuon of mtemal bias and analyses may be performed more frequently than proﬁcrency
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-proceeding with the use of control charts. Ryan® suggests a minimum of 50 analyses
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: testmg Arrangements should be made with at least two (preferably more) other laboratories

that conduct asbestos identification by PLM. Samples (the number of which is left to the
participating laboratories, but at least 4- 10) representing the types of samples and matrices
routinely submitted to the lab for analysis should be exchanged with sufficient frequency to
determine mtralaboratory bias. Both reference slides and bulk samples should be used.
Results of the interlaboratory testing program should be evaluated by each of the
participating laboratories and corrective actions, if needed, identified and implemented.
Since quantitation problems are more pronounced at low concentratrons (< 5%),

it would be
prudent to 1nclude approximately 30-50% from this concentration range in the sample

selection process.

3.4 Performance A-trdits'

Performance audits are independent quantitative assessments of laboratory performance.
These audits are similar to the'interlaboratory QC programs established between several
laboratories, but with a much larger cohort (the EPA Asbestos Bulk Sample Analysrs Quality
Assurance Program had as many as 1100 participating laboratories). Participation in this
type of program permitted assessment of performance through the use of "consensus" test
matenals and served to assist in assessing the bias relative to individual interlaboratory, as

well as intralaboratory programs. Caution should be exercised in the use of "consensus"

'quantrtatron results, as they are likely to be significantly responsible for the propagation of

high blas in visual estimates. The current NIST/NVLAP? for bulk asbestos laboratones

(PLM) does not use concensus quantitation results. ‘Results are reported In weight percent

with a2 95% tolerance interval. The American Industrial Hygnene Association (AIHA)“’ also

conducts a proﬁcrency testing program for bulk asbestos laboratories. Quantltatron results
for this program are derived from analyses by two reference laboratories and PLM, XRD
and gravimetric analysis performed-by_Researc_h Triangle Instrt_ute.

3.5 Systems Audits

‘Where performance audits are quantltatlve in nature systems audits are quantatlve

Systems audits are assessments of the laboratory qualrty system as specrﬁed rn the Laboratory
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~ Quality Assurance Manual. Such an audit might consist of an evaluation of some facet of the

QA Manual, or the audit may be larger in scope. For example, the auditor might request
speciﬁc laboratory data shoets which will be evaluated against written procedures for data
recording in the laboratory. Or, the auditor might request air monitoring or contamination ’
control data to review for frequency of sampling, analysis methodology, and/or corrective
actions taken when problems were discovered. The audit report should reflect the nature of -

the audit as well as the audit results. Any recommendations for improvement should also be

i
reflected in such a report.
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APPENDIX A. GLOSSARY OF TERMS )
Accuracy The degree of agreement of a measured value with the true or expected value.

' Anisotropic Refers to substances that have more than one refractive index (e.g. are

birefringent), such as aonisometric crystals, oriented polymers, or strained isotropic
substances.

Asbestlform (morphology) - Said of a mineral that is like asbestos, i.e., crystallized with the
habit of asbestos. Some asbestiform minerals may lack the properties which make
asbestos commercnally valuable, such as long fiber length and high tensile strength.
With the light microscope, the asbestiform habit is generally recognized by the
following characteristics:

®  Mean aspect ratios ranging from 20:1 to 100:1 or higher for fibers longer than
Sum. Aspect ratios should be determined for fibers, not bundles.

®  Very thin fibrils, usually less than 0.5 micrometers in width, and

* Two or more of the following:

- Parallel fibers occurring in bundles,
- Fibcr bundles displaying splayed ends, _ : )
- Matted masses of individual fibers, and/or

- Fibers showing curvature

These characteristics refer to the population of ﬁbers as observed in a bulk sample.
It.is not unusual to observe occasional particles having aspect ratios of 10:1 or less,
but it is unlikely that the asbestos component(s) would be dominated by particles
(individual fibers) having aspect ratios of <20:1 for fibers longer than Sum. If a
sample contains a fibrous component of which most of the fibers have aspect ratios of
<20:1 and that.do not display the additional asbestiform charactenstlcs by definition
the component should not be considered asbestos

Asbostos ‘A commercxal term applied to the asbestlform vaneues of six dlffercnt mmerals
The asbestos types are chrysotile (asbestiform serpennne), amosite (asbestzform
grunerite), crocidolite (asbestiform riebeckite), and asbestiform anthophyllite,
asbestiform tremolite, and asbestiform actinolite. The properties of asbestos that
caused it to be w1dely used commercially are: 1) its ability to be separated mto long,

thin, flexible fibers; 2) high tensile strength; 3) low thermal and electrical -

conductmty, 4) hlgh mcchamcal and chemical durablhty, and 5) hlghlheat resxstance
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Becke Line - A band of light seen at the periphery of 2 specimen when the refractive indices
of the specimen and the mounting medium are different; it is used to determine
refractive index.

Bias - A systematic error characterized by a consistent (non-random) measurement €rTor.

Binder - With reference to a bulk sample, a component added for cohesiveness (e.g.
plaster, cement, glue, etc.). ’

‘Birefringence - The numerical difference between the maximum and minimum refractive
indices of an anisotropic substance. Birefringence may be estimated, using 2
Michel-Levy chart, from the interference colors observed under crossed polarizers.
Interference colors are also dependent on the orientation and thickness of the grain,
and therefore are used qualitatively to determine placement in one of the four
categories listed below. ' :

Qualitative Quantitative(N-n)

none 0.00 or isotropic
low <0.010

moderate 0.011-0.050
high >0.050

Bulk Sawmple - A sample of building material taken for identification and quantitation of
asbestos, Bulk building materials may include a wide variety of friable and
nonfriable materiais. '

Buudle - Asbestos structure consisting of several fibers having a common axis of elongation.

Calibration Materials - Materials, such as known weight % standards, that assist in the
calibration of microscopists in terms of ability to quantitate the asbestos content of
bualk materials. _ | -

Color - The color of a parﬁéle or fiber when observed in plane polarized light.

- Compensator - A device with known, fixed or variable retardation and vibration direction
used for determining the degree of retardation (hence the thickness or value of
birefringence) in an anisotropic specimen. It is also used to determine the sign of
elongation of elongated materials. The most common compensator is the first-order
red plate (530-550nm retardation).

Coutrol Chart - A graphical plot of test results with respect o time or sequence of

measurement, together with limits within which they are expected o lic when the -
system is in a state of statistical control. ' -
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Detection Limit - The smallest concentration/amount of some component of interest that -
can be measured by a single measurement with a stated level of confidence.

Dispersion Staining (focal masking) - An optical means of imparting apparent or virtual

color to transparent substances by the use of stops in the objective back focal plane; ir

it is used to determine refractive indices.

-

_Error - Difference between the true or expected. value and the measured value of a quantity

Or parameter.

Extinction - The condition in which an anisotropic substance appears dark when observed
between crossed polars. This occurs when the vibration directions in the specimen
are parallel to the vibration directions in the polarizer and analyzer. Extinction may

be complete or incomplete; common types include parallel, oblique, symmetrical and
undulose.

Extinction Angle - For fibers, the angle between the extinction position and the pbsition at
which the fiber is parallel to the polarizer or analyzer privileged directions.

- Fiber - With reference to asbestiform morphology, a structure consisting of one ar more

fibrils.

Fibril - The individual unit structure of fibers.

Fi-iab_le -ﬁiéfiers to the cohesiveness of a bulk material, indicating that it may be crumbled
or disaggregated by hand pressure.

Gravimetry - Any technique in which the concentration of a component is determined by

~weighing. As used in this document, it refers to measurement of asbestos-containing
residues after sample treatment by ashing, dissolution, etc. '

. Ho’mo'g_émf.ous - Uniform in composition and distribution of all components of a material,

such that multiple subsamples taken for analysis will contain the same components in
approximately the same relative concentrations. ' : ' : '

'Heterogeuéous. - Lacking uniformity in composition and/or distribution of material; -

components not uniform. Does not satisfy the conditions stated for homogenous;
..e.8., layered or in clumps, very coarse grained, etc. Sl

Isotropic - Refers to substances that have a single refractive index such as unstrained
~ - -glass, un-oriented polymers and unstrained substances in the isometric crystal system.
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at that wavelength,

Matrix - Nonasbestos, nonbinder components of a bulk material, Includes such
components as cellulose, fiberglass, mineral wool, mica, etc.

Michel-Levy Scale of Retardation colors - A chart plotting the relationship between

birefringence, retardation and thickness of anisotropic substances. Any one of the
three variables can be determined if the other two are known. :

Morphology - The structure and shape of a particle. Tharacteri

{platy, red-like, acicular, etc) or in terms of dimensions
(see asbestiform).

zation may be descriptive

Pleochroism - The change in ccior or hue of colored anisotropic

substance wien rotated
relative to the vibration direction of plane polarized light. -

Point Counting - A technique used to determine the relative
Separate components in a microscope slide preparation
analysis, this techniqne is used to determine the re
minerals to nonasbestos sample components.

projected areas occupied by
of a sample. For asbestos
lative concentrations of asbestos

Polarization Colors - Interference colors displayed by anisotropic substances batween two

polarizers, Birefringence, thickness and orientation of the material affect the colors
and their intensity,

Preckion_ - The degree o7 mutual agreement characteristic of independent measurements as
the: result of repested application of the process undar specified conditions. It is
concerned with the variability of results, : -

Referengf Materials - Bulk materials, both asbestos-con:z;

ning and nonasbestos-
containing, for which the components are well-dcsumented as to identification and
quantitation. | '

Refracti.ve Index (index-of refraction) - The ratk

v 2 of the velocity of light in a vacuum
relative to the velocity of light in « medien, It is expressed as n and varies with
wavelength and temperature. : : R o

Sign of Elongation - Referring to the location of the high and low re
‘elongated anisotropic substance, a specimen is described as
refractive index is lengthwise (length slow), and as negative
index is lengthwise (length fast). o

fractive indices in an
positive when the higher

A-4

such as length and diameter
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- Staﬁdafd.Referchce Material (SRM) - A reference material certiﬁed and distributed by the
National Institute of Standards and Technology. :

bestos in a sample as compared to the

ay be a volume estimate made during
/ot a projected area estimation made during

Visual Estimate - An estimation of concentration of as
other sample components. This m

. stéreomicroscopic examination and

3 . ~ microscopic (PLM) examination.
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BI. 0 INTRODUCTION

"~ The rollowmg lists the apparatus and ‘materials required and suggested for the methods of

sample preparation and analysis described in the test method.'2?

B2.0 STEI_{EOMICROSCOPIC EXAMINATION
The foliowing are suggested for routine stereomicroscopic examination.
o HEPA-filtered hood or class 1 biohazard hood, negative pressure

. Microscopé: binocular microsccpe, preferably stereoscopic, S-60X magnification
(approximate)

¢ Light source: incandescent cr fluorescent
¢ Tweezers, dissecting needles, scalpels, probes, etc. (for sample manipulation)

¢ Glassine paper, glass plates, weigh boats, petn dishes, watchglasses, etc. (sample
contamers)

The following are suggested for sample preparation.

e Mortar and pestle, silica or porcelain-glazed
. AnaIytical balance (readébility less than or equal to one m‘.illig'réj'm) (6ptibnal)" ,
o Mill or'b'lender (optional) | |
B3.0 ;'POLARIZED LIGHT MICROSCOPY g
The laboratory should be equipped with a polarized light mlcroscope (preferably capabk ‘

of Kohler or Kohler-type 111um1nat10n if pos31ble) and accessories as descnbed below

o Ocular(s) lﬁnocular or monocular with cross halr retlcle or funcnonal equwalent and o
a magmﬁcatxon of at least 8X

. IOX' 2.0X’ and 40X Objectives,,(or, similar magnification) ~ - L
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e Light source (with optional blue "day-light" filter)
e 360-degree rotatable stage
¢ Substage condenser with iris diaphragm

e Polarizer and analyzer which can be placed at 90 degrees to one another, and can be
calibrated relative to the cross-line reticle in the ocular. :

e Accessory slot for wave plates and compensators (or demonstrated equivalent).

e Wave retardation plate (Red 1 compensator) with approximately 550 nanometer
retardation, and with known slow and fast vibration directions. ‘

e Dispersion staining objective or a demonstrated equivalent. (optional)

« Monochromatic filter (np), or functional equivalent. (optional)

In- addition, the folléwing equipment, materials and reagents are required or

recommended. !

¢ NIST traceable standards for the major asbestos types (NIST SRM 1866 and 1867)

e Class I biohazard hood or better (see “Note", Section 2.2.5)

. Sampling utensils (razor knives, forccps. probe»needlc.s, ete.)

o Microscopc slides and cover slips

¢ Mechanical Stage-

¢ Point Counﬁng Stage (optional)

o Refractive index liquids: 1.490-1.570, 1.590-1.720 in incremeats of less than or equal
to 0.005; high dispersion, (HD) liquids are optional; however, if using dispersion
staining, HD liquids are recommended.

. Mortar and pestle |

e Distilled water

e HCl, ACS reagent grade'conoemmted



~Mu‘fﬂe_ furnace (optional)
‘Mill or blender (optional)

Be"ake;'s.land assorted glassware (optional)

Other reagents (tetrahydrofurar;, #myl acetate, acetone, sodium hexametaphosphate,

. [ etc.) (optional)

 B4.0 GRAVIMETRY

| The following equipment, materials, and reagents are suggested.
d .-Scalpels;_ o

' Crucibles, silica or porcelain-glazed, With lids

o 'Mufﬂe furnace - temperature range at least io 500°C, temperature stable to + 10°C,
temperature at sample position calibrated to + 10°C

. Filtefs, 0.4:6{.-m pore size polycérbohate

0 iPetd.,dishes_ii..

; Gl.égs_s ﬁltrzitién assemb.l_y, incl_uding vacdum flask, water aspirator, and/or_aif pump
o Ané.lytical bé.lance.» readablé to‘ 0;001 grém

. M‘c‘)rtar and pestle, silica or porcelain-glazed
. Heat larhp or slide warmer |

e Beak'er# and assorted g!assw-é.r;_ -

. ,‘Centﬁfuge_,- bench-toij | :

. "Class Iblohazard hood or béttgrj

¢ Bulb ﬁipet..tg's' |

. Distilled water

» HCI, reagent-grade concentrated T -

é

B3




* Organic solvents (letrahydrofuran, amyl acetate, etc)

L Ultrasonic bath

BS 0 X- RAY DIFFRACTION

Sample Preparatlon

Sample preparation apparatus requnrements wrll depend upon the sample type under
cons1derauon and the kind of XRD analysis to be performed.

; ' * Mortar and pestle: agate or porcelain

. Razor blades

o Sample mill: SY““X Inc., freezer m11] or eqmvalent

. Bulk sample holders _

o lever membrane filters: 25- -mm drameter 0. 45-ym pore size. Selas Corp of

- America, Flotromcs Div., 1957 Pioneer Road, Huntmgton Valley, PA 19006
L . M,lcroscope shdes

: ; e Vacium ﬁltrauon apparatUS' “Gelman No. 1107 or equivalent, the si:de-arrn'\'/eéuom”' "
g . ﬂask 3 L L e : e

o Microbalance
4. . . * Ultrasonic bath or probe' Model Wl40 Ultrasomcs Inc., operated at a power I =
A denslty of approxxmately 0.1 W/mL or equwalent (RIS
N | . Vommetnc ﬂask5' I-L volume
i ’
o Assorted pipets
" e Pipet bulb
* Nonserrated forceps f
: . lv’olyethyl_e'ne‘ .\.vaslr’bottle_ﬁ_‘ '

e ,‘Pyrex.beakers:’ SO-diI;_‘volhr'rie




_ __Desrccator
' Frlter storage cassettes
- Magnetic stirring plate and bars
. Porcelain crucibles
. _Mufﬂe fumace or low temperature asher
. Class 1 blohawd hood or better
':'v:S‘{ample .Analysis
B Sample analysis requirements mclude an x-rey diffraction unit, equipped with:
. Constant potentlal generator; voltage and maA. stabilizers
- Automated diffractometer with step-scannmg mode
) .Copper target X-Tay tube high mtensrty, fine focus, preferably
. X- ray pulse herght selector
A X-ray detector (with high voltage power supply): scintlllation or Ipropo.nional counter

¢ Focusing graphrte crystal monochromator or nickel ﬁlter (1f copper source is used,
and iron fluorescence is not a serious problem) :

* Data output accessories:
~-Strip chart recorder
- Decade scaler/timer
- Digital printer

e or

- PC, 'appropriate ‘software and Laser Jet Printer

;o Sample spmner (opuonal)

_ 0 Instrument cahbratron reference specrmen o- quartz reference crystal (Arkansas -
. - quartz standard, #180-147-00, Philips Electromcs lnstruments lnc 85 McKee Dnve
Mahwah NI 07430) or equrvalent : .




Reagents, etc. | . |
-Rg’vff-grg:ncg: Materials - The list of reference materials below is intended to serve as a guide.

- Every attempt should be made to acquire pure reference materials that are comparable to
sample materials being analyzed.

¢ Chrysotile: UICC Canadian, NIST SRM 1866 (UICC reference material available
from: UICC, MRC Pneumoconiosis Unit, Llandough Hospital, Penarth, Glamorgan,
CF61XW, UK); (NIST Standard Reference Materials available from the National

Institute of Standards and Technology, Office of Reference Standards, Gaithersburg,
MD 20899) : '

* Crocidolite: UICC, NIST SRM 1866.

¢ "Amosite": UICC, NIST SRM 1866.

® Anthophyllite-Asbestos: UICC, NIST SRM 1867

- Tremolite Asbestos: Wards Natural Science Establishment, Rochester, NY; Cyprus
Research Standard, Cyprus Research, 2435 Military Ave., Los Angeles, CA 900064
(washed with dilute HCI to remove small amount of calcite impurity); Indian

tremolite, Rajasthan State, India; NIST SRM 1867. ‘ '

* Actinolite Asbestos: NIST SRM 1867

Adhesive - Tape, petroleum jelly, etc. (for attaching silver membrane filters to sample
holders). ' |

Surfactant - 1 Percent aerosol OT aqueous solution or eqdivalent.
Isopropanol - ACS Reagent Grade. '

B6.0 ANALYTICAL ELECTRON MICROSCOPY

AEM equipment requirements will not be discussed in this document; it is suggested that
cquipm_eht‘requir‘ements stated in the AHERA regulations be-‘foll.owed._ Additiohal '
inforfnétior; may be found in the NVLAP Program Handbook for_Ai'rbérn'é Asbestos ;
Analysis.? | IR ;




B7.0

1.

T ﬁé':_jfd‘l__low_iné additional materials and equipment are suggcsfed: :

-’?Anii'lytical balance, readable to 0.001 gram

 Ultrasonic bath
Glass filtration assembly (25mm), including vacuum flask and water aspirator

Mixed cellulose ester (MCE) filters (0.22um pore size) or 0.2um pore size
polycarbonate filters ' ‘

MCE backing filters (Sum pore size)
,Silica mortar and pestle
Beakers - glass and disposable

Pipettes;.diSposabie, 1.5, and 10 ml

REFERENCES

National Ir{stitute of Standards and Technology (NIST) Natiorial Voluntary Laboratory
Accreditation Program (NVLAP) Bulk Asbestos Handbook, NISTIR 88-3879, 1988.

. Interim Method for the Cetermination of Asbestos i Bulk Insulation Samples,

U.S. E.P.A. 600/M4-82-020, 1982,

. National Institute of Standards and Technology (NIST) National leuntary Laboratory

Accreditation Program (NVLAP) Program Handbook for Airborne Asbestos Analysis,
NISTIR 89-4137, 1989.
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_;._,-__él.'o- INTRODUCTION - N

- Evaluation of the results from natiorial proficiency tésting programs for laboraiories_
anﬁiyzing for asbestos in bulk materials indicates that laboratories have had, and continue to
:'have, .p'roblems with quantitation of asbesfos content, especially with samples having a low
asbestos concentration.! For such samples, the mean value of asbestos content reported by
laboratories may be four to ten times the true weight percent value. It is assumed that the
majority of the laboratories quantify asbestos content by visual estimation, either
stereomicroscopically or microscopically; therefore, the problem of quantitation must be
attributed to lack of or inadequate calibration of microscopists. '

As calihration standards for asbestos-containing bulk materials are not currently
commercially available, laboratdries should consider generating their own calibration

materials. This may be done rather easily and inexpensively.

C2.0 MATERIALS AND APPARATUS

Relatively pure samples of asbestos minerals should be obtained. Chrysotile, amosite and

crocidolite (SRM 1866) and anthophyllite, tremolite and actinolite (SRM 1867) are available
from NIST. A variety of matrix materials are commercially available; included are calcium
carbonate, perlite, vermiculite, mineral wool/fiberglass, and cellulose. Equipment, and
materials needed to prepare calibration bulk materials are listed below.

* Analytical balance, readable to 0.001 gram
. B]cndef/_mixer; multi-speed, ~ one quart capacity

* Filtration assembl'_v. including vacuum flask, water aspirator and/or air pump
(optional) : '

* HEPA-filtered hood with negative pressure
¢ . Filters, 0.4um pce size po_lycarbonate (optidnal_)

* Beakers and assoi't_éd glassware, weigh boats, petri dishes, etc.

. Hot/Warmplate ' S
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e Asbestos minerals
e Matrix materials
e Distilled water.
C3.0 MATERIAL FORMULATION PROCEDURES

The formulation procedure involves first weighing appropriate quaritities of asbestos and
matrix material to give the desired asbestos weight percent. The following formula may be
used to determine the weights of asbestos and matrix materials needed to give a desired

‘weight percent asbestos.

WTa _WIim -
Wa = Wm
Where:
WTa = weight of asbestos'in grams (to 0.001 gram)
WTm = weight of matrix materials in grams (to 0.001 gram)
Wa = weight percent asbestos
Wwm = weight percent matrix

Example: The desired total weight for the calibration sample is — 10 grams containing 5%
asbestos by weight. If 0.532 grams of asbestos are first weighed out, what corresponding
weight of matrix material is required? '

WwTa = 0.532 grams

Wa =5% | 5 2=§5Tm
Wm = 95 % Then: WTm = 10.108 grams

The matrix is then placed into the pitchcr.of a standard over-the-counter biender, the
pitcher being previously filled to appfoximatcly one-fourth capacity (8-10 ounces) with
 distilied water. Blending is performed at the lowest speed setting for approximately ten
seconds which serves to disaggrcgaw the matrix material. The asbestos is then added, with
- dditionzl blending of approximately 30 seconds, again at the lowest speed sciting. Caution |
chould be taken not to overblend the asbestos-matrix mixture. This could result ina

_ s_ig_ni_ﬁmnt reduction in the sxze of the asbestos fibers c_zusing a problem with detection at

normal magnification during stereomicroscopic and microscopic analyses. Ingredients of the

3 ' | C'2



pitcher are then poured into a filtering apparatus, with thorough rinsing of the pitcher to
ensure complete material removal. After filtering, the material is transferred to a foil dish
which is placed on a hot plate. The material is covered and allowed to sit over low heat
until drying is.complete; intermittent stirring wiil speed the drying process. For fine-grained
matrix materials such as gypsum, calcium carbonate, clays, etc., the sample is not filtered
after the blending process. Instead, the ingredients in the pitcher are transferred into a series
of shallow, glass (petri) dishes. The ingredients should be stirred well between each
pouring to minimize the possible settling (and over-representation) of some components. The

dishes are covered and placed on a hot plate until the contents are thoroughly dried. For

small quantities of any matrix_materials (15 grams or less), air-drying without prior filtering

» is senerally very suitable for removing water from the prepared sample. For each material,
the final step involves placing all formulated, dried subsamples into a plastic bag (or into one
petri dish, for small quantities), where brief hand-mixing will provide additional blending and

help to break up any clumps produced during drying. All operations should be performed

in a safety-hood with negative pressure.

C4.0 ANALYSIS OF MATERIALS |

All formulatxons should be examined with the stereomrcroscope to determme
homogeneity. Gravimetric znalysis (ashing and/or acid dtssolutton) should be performed on
those matert_als containing organic and/or acid-soluble components. Matrix materials to
.__which no asbestos has been added should be analyzed by graVimetric analysis to determine
_ the am‘o_unt of nonashable or,insot_uble materials that are present. 'Seyeral snbsaniples of each
material should be ana]yzed by the gravimetric technique to provide information eonceming
the umformrty of the prepared materials. Experience has shown that the previously described

' formulatton procedure results in relattvely homogeneous matenals

| C4. 1 Stereomlcroscoprc Analys:s

Vtsual esttmatton of sample components usmg the stereomlcroscope is in reahty a
.companson of the elatwe volumes of the components. 3 Therefore dlfferences in specific

' gravxty between asbestos and matrix matenal must be consrdered and the relattonshtp
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I‘)"c.l_\;vecnbweig'ht percent and volume percent must be determined.* Materials such as
-eXpénd_ed vermiculite, perlite, and cellulose have specific gravities significantly lower than
asbestos minerals. Table CI lists the specific gravities for the three most commonly

encountered asbestos varieties and several common matrix materials.

TABLE Cl1. SPECIFIC GRAVITIES OF ASBESTOS VARIETIES
AND MATRIX MATERIALS

Asbestos Type Specific Gravity Mairix Type Specific Gravity

Chrysotile 2.6 Calcium Carbonate 2.7

Gypsum 2.3

Amosite 3.2 Perlite ~0.4
Vermiculite

(expanded) } ~0.3

~ Mineral Wool ~2.5

Crocidolite. 3.3 Fiberglass ~2.5

| | .' . Cellose | ~0.9

The conversior: of weight percent asbestos to equivalent volume percent asbestos is given

by the following formula:

Wa
Ga _ x 100 = Va
Wa + Wm
‘Ga Gm
whére:
. Wa = weight percent asbestos
 Ga = specific gravity of asbestos
~Wm = weight percent matrix
Gm =  specific gravity of matrix
Va -~ = volume percent asbestos
1
o




E_xample: Chrysotrle and perlite have been combined to form a 5% asbestos
- : calibration standard; by weight. What is the equivalent volume
percent asbestos?

Wa

‘,

= 5% 5 é
Ga =26 . __ 26 x 100=08%
wm = 95% S +95 |
Gm = 0.4 2.6 0.4

Conversely, to convert volume percent.asbestos to equivalent weight percent, the’

following formula may be used.

(Va)(Ga) x 100 = Wa
(Va)(Ga)+(Vm)(Gm)

Vm = volume percent matrix

Example: A calibration standard consisting of amosite and cellulose is
’ estimated to contain 2% asbestos, by volume. What is the
equivalent weight percent asbestos?

Va = 2% oo (32 x100=677% ‘ D

~Ga = 32 07 (QB2)+0O8)0.9 S |
vm = 98% - R | |
.Gm = 0.9

Volume percentages should be calculated for all calibration matenals prepared 50 that
visual estimates determined by examination with the stereomrcroscopemay be compared to
true volume concentrations. ' , | o , B o

Frgure C1 illustrates the relatronshrp between volume percent and werght percent of
chrysottle mixed with vermrcuhte and cellulose respectrvely It should be noted that when |
asbestos in a low werght percentage is’ mrxed with matnx matenals havmg low specrﬁc -
gravmes (vermrcuhte perhte), the resultmg volume concentratron of asbestos rs very low

: For example a mlxture contarmng three percent chrysotrle by werght ina cellulose matnx

only __trace amounts.

s
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be overestlmated

- C42 Microscopical Analysis (PLM) -

" The polarized light microscope may be used to quantify asbestos and other components of
a sample. Slide mounts are prepared from "pinch" samples of the calibration matenal and
asbestos content is determined by visual area estimate and/or point counting. Both of these
quantitation techniques are in fact estimates or measurements of the relative projected areas

of particles as viewed in two dimensions on a microscope slide. For quantitation results to

be meaningful, the following conditions should be met: -

e The sample should be homogeneous for slide preparations, which are made from
small pinches of the sample, to be representative of the total sample.

e Slide preparation should have an even distribution of particles and approach a one
particle thickness (seldom achreved) to avoid particle overlap.

e All materials used should be identified and specific gravities determined in order to
~ relate area percent to volume and/or weight percent.

e The size (thickness) relationship between matrix particles and asbestos fibers should
. be determined if the results based on prOJected area are to be relaied to volume and/or
werght percent.
Partrcle characteristics can greatly affect the quantitation results obtamed by visual area

estxmatton or pomt counting. Figure C2 illustrates three hypothetical partrcle shapes of

' 1dentrcal length and width (as viewed from above).  Although the three drmensronal shape is
drfferent the projected area is equal for all particles. The table accompanymg thure C2

presents data for each parttcle in terms of thrckness volume and pro;ected area. lt should be

noted that although the prOJected areas may be equal, the volumes represented by the
‘particles may vary by a factor of 20(0.8 vs 16 cubtc umts) It is obvious that quantrtatton of

a sample consrstmg of a mixture of pamcles wrth wrdely rangtng pamcle thicknesses could

L result m drfferent results. For example, if a sample contained relatrvely thrck bundles of .
‘ asbestos and a ﬁne—gramed matrix such as clay or calcium carbonate the true asbestos

' content (by volume) would ltkely be underesttmated Conversely, |f a sample contamed thick

"books ‘of mica and thin bundles of asbestos, the asbestos content (by volume) would likely. .

C-7
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‘: .
? As Viewed
| //\
. _/ 1L
0.1 unit b2+
‘  thick S
] b
Particle | Thickness Volume Projected Area”
A 0.1 units | 0.8 cubic units | - 8 sq. units
B | = 2units' |12.6 cubic units| - 8.sq. units

C | 2units.

16 cubic units

8 sd.j-.'uhitsg‘ i

‘as. vxewed on a shdc moum

Note that although all partncles have the same pro;ected area
pamcle C volume is 20x that of pamcle Arsr
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Table C‘Z illustrates séveral examples of expected results from area estimates or pomt
counting of samples in which the asbestos fibers and matrix particles differ in thickness.

TABLE C2. RELATIONSHIP OF WEIGHT PERCENT, VOLUME PERCENT AND
PARTlCLE THICKNESS TO QUANTITATION RESULTS

Composition of Theoretical Vol. Thickness Factor*
Sample In Wt. % % Asbestos (Matrix/Asbestos) ‘Expected Area %

1% Amosite

999% Calcium Carbonate | 0.9 0.5 0.4
1% Amosite
99% Calcium Carbonate 0.9 1 - 09
1% Amosite
99% Calcium Carbonate | 0.9 2 1.8
1% Amosite | E
99% Vermiculite 0.1 1 0.1 ;
1% Amosite : o | _ _ ) ;
99% Vermiculite 0.1 10 1.0
1% Amosite :
99% Vermiculite 0.1 ' 20 ‘ 2.0

. 1% Amosite , v :
9% Vermiculite 1 0.1 - 30 2.9 : o

oo Value represents the relatlonshlp between the mean thickness of the matrix’ pamcles
‘comparéd to the mean thickness of the asbestos pamrles

It should be noted that it is not uncommon for matrix particle thickness to dxffer greatly
from asbestos fiber thnckness, espemally with matrix materials such as vermlcuhte and
perhte, vermlcuhte and perhte parucles may be 20 - 30 times as lthk as the asbestos fibers.

The general size relanonshlps between matrix pamcles and asbestos fibers may be
_ »determmed by scanning slide motnts of a sample A mlcrometer ocular enables the

m'lCI'OS_COPISt to actually measure parucle sizes.

O T .



f_a thtckness factor can be determmed for a caltbrauon sample of known volume '
: 'proporttons of asbestos and matnx matertals an expected equtvalent prOJected area asbestos
can be calculated using the following formula:

_ Va x 100 =
Vm + Va

~

where:

. Va
Vm
T
Aa

true volume percent asbestos

true volume percent matrix

thickness factor (mean size matrix parttcle/mcan size asbestos ﬁber)
expected projected area percent asbestos

Example: A calibration standard of known weight percent asbestos is
determined, by factoring in component specific gravities, to be
5.0% asbestos by volume. The matrix particles are estimated to
be ten times thicker than the asbestos fibers. What would be the
expected prolected area percentage of asbestos?

Va = 5% A L _ x 100 = 34.5% o o EE }
Vm = 95% 7 95+ 5 e .
T 10 , 10 : - TR :

Conversely, to convert prOjCCted area percent asbestos to equrvalent volume percent

the followmg formula may be used

Az X. lOO Va
T(Am)+Aa

~Where' Am = pro_tected area matnx

‘Exa_mple: . _Aslide contammg a subsample of an amosrte/mmeral wool
Toos caltbratton standard is determined by point counttng to'havea’ .

- ‘projected area’ asbestos of:18.6%. If the mineral:wool ﬁbers are

estimated o’ be six times the asbestos fibers, in dta

lS the equwalent volume perf‘ent asbestos" "

: .'C,"lo




81.4% S

18.6% Va = (18.6) x 100 = 3.67%

6 6(81.4) + 18.6 i
. Based on specific gravity values listed in Table IC and on the ]
above volume asbestos determination. what is-the equivalent

weight percent asbestos in the sample?

< Aa’
T

Va = 367% Wa = —(3.671(3.2) x 100 = 4.7%
Ga .=:32 " 07 (.67)(3.2) + (96.33)(2.5) ;
N ';—:,,,,96 33% | o

- 2.5
Cs.0 IIJ.STE-,OF-CAILIBRATION STANDARDS FOR QA/QC
‘Once the materials have been formulated and thoroughly characterized by all techniques
to determine therr surtabrllty as calibration standards, a system for incorporating them into _/'
the QA/QC program should be establrshed Someone should be designated (QA officer, lab /
supervisor, etc.) t0 control the distribution of standards and to monitor the analysis results,,of
the microscopists. “Both preci_‘sion and accuracy may be monitored with the use of suita/bie
standard sets. | ,_ '
Records such as range charts, control charts, etc. may be mamtamed for volum;v _ C:
(stereomrcroscoprc estrmates) area (PLM) estimates and pomt counts. For pomt dounts and . -
‘area estrmates relatively permanent slides may be made using epoxy or Melt Mount Such

slides may be very accurately quantified over time as to point count values, and due to their

very long shelf life, may be used for QA/QC purposes almost mdeﬁmtely
Ce6. O REFERENCES
1_.' "Analysrs Summarres for Samples used in NIST Proﬁcrency Testmg National'

Institute of Standards and Technology (NIST) National Voluntary Laboratory
. Accredrtatron Program (NVLAP) for Bulk Asbestos, January 1989 to present

2. Harvey, B. W., R L. Perkins, J. G. Nickerson, A. J. Newland and M. E Beard,
Formulatmg Bulk Asbestos Standards", Asbestos Issues, Apnl 1991 '

_-3.-'Perkms R L and M E Beard, “Estrmatmg Asbestos Content of: Bulk Materrals". C
Natlonal Asbestos Councll Journal Vol 9. No. 1, 1991 pp 27- 3L L f

4 Asbestos Content in Bulk lnsulatlon Samples Vlsual Estlm tes andb Welght
Composmon U. S Envrronmental Protectron Agency 560/5 88 01»1 1988
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APPENDIX D

S - Spe_cial-Case'.B'uilding Materials o




: ﬁbrous and nonﬁbrous vanetres of a mmeral

Asbestos laboratones are now called upon to analyze many types of bulk butldmg .
materials that are very difficult to characterize by routine PLM analysns “These materials are

dominantly nonfriable and can be grouped into the following categories:

* Cementitious Products {pipe, sheeting, etc.)

* Viscous Matrix Products (adhesives, cements, coalings, etc.)

* Vinyl Materials (vinyl floor tile, sheeting)
¢ " Asphaltic Roofing Materials (shingles, roll roofing)

* Miscellaneous Products (paints, coatings, friction plates, gaskets, etc.)

Materials characterized by interfering binder/matrix, low asbestos content, and/or small
ﬂber size may requlre that additional sample treatment(s) and analysis be performed beyond
routrne PLM analysxs The sample treatment(s) required is(are) determmed by the dominant
nonasbestos sample components (see Section 2.3, Gravimetry). Matenals contammg an
apprecrable amount of calcareous matenal may be treated by dtssolutton w1th hydrochlortc
ac1d Samples contammg orgamc bmders such as vinyl, plasticizers, esters asphalts etc.
can be treated wrth orgamc solvents or ashed in a muffle furnace (preferred method) or low
temperature plasma asher to remove unwanted components Matenals contarmno cellulose
synthetrc organic fi bers textlles etc. may also be ashed in a mufﬂe furnace or low
temperature plasma asher.

FiE

The method chosen for analysrs of a sample after treatment is dependent on asbestos

-concentratton and/or fiber srze An exammatron of the sample residue by PLM may dzsclose

, asbestos tf the fibers are large enough to be resolved by the mlcroscope,'but addrtlonal

Analysrs by AEM 1s;capa
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The following flowchart illustrates a possible scheme for the analysis of special-Case

building materials.

NOTE: Preliminary studies indicate that the XRD method 15 capable of detecting
serpentiné (chrysotile) in floor tile samples without extensive sample preparation prior o
XRD analysis. XRD analysis of small, intact sections of floor tile yielded diffraction
patterns that confirmed the presence of serpentine, even at concentrations of —one percent

by weight. TEM analysis of these same tiles confirmed the presence of chrysotile asbestos.

'With further investigation, this method may prove applicable to other types of nonfriable

materials.
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. 'Xesults.may -also ba semi-quantitative.
-+ Alternat

-

FLOWCHART FOR QUALITATIVE ANALYSIS OF SPECIAL CASE BUILDING
MATERIALS SUCH AS FLOOR TILES, ASPHALTIC MATERIALS, VISCOUS
o MATRIX MATERIALS, ETC.’

BULK SAMPLE

STEREOMICROSCOPIC/PLM ANALYSIS

SAMPLE IS EXAMINED FIRST WITH A
STEREOMICROSCOPE
FOLLOWED BY EXAMINATION WITH PLM

Y Y
ACM : ' NON ACM
(Asbestos is confirmed at

concentration >]% - considered ACM)

Contirhiﬁd}j"analyail by alternative

analytical methods (XRD and/or AEM) -
considered necizgpry

{Asbestos not detected or detected at
trace level - non ACM by PLK)

'GRAVIMETRY -

Gravimetric methods used to rexave
interferents; residue may ba
analyzed by PLM

L — _ sample residue antlyzed by
27TH XRD NON=-ACM ‘—@-—}' ACM : -XRD and/or AEM

ACH &{XRD NON-ACK 4—@——> ACK

lthough :this flowchart is applicable to all bulk materials, it is primarily intended to be used
with known problem materials that are difficult to analyze by PLM due to low asbestos concentration,-
and/or small’ fiber -size, and/or interfering binder/matrix. -In addition to. being qualitative, the
: ‘1t should rot be assumed that all samples need to be .
~The flowchart simply illustrates options. fcr methods:of -analysis.

¢ methods such as SEM may be applicable to some bulk materials. R PR

~analyzed by AEM .and XRD.

#U.S COVERNMENT PRINTING OFFICE.1993 750 -002/ 80237
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Designation: D 5785 - 03

Standard Test Method for

TT MAXIM TECHHNOLOGIESC + HELENA

MO, 359

Microvacuum Sampling and Indirect Analysis of Dust by
Transmission Electron Microscopy for Asbestos Structure

Number Surface Loading’

This sisndard is isanet) wader the fixed designotion D 3755, the number smnwedistely followimg the deslgnation mdicates the year of
original adepuon ar, in the code of revisian, 1he year of loat revigion, A number in pazenthasos indicutes he year af Bist rezpproval. A
superseript cpailon &) indicales on editorial change sings the last revizion of redpproval,

1. Scope

1.4 This test method covers a procedure to (g) identify
asbastos in dust and (&) provide an estimate of the surface
foading of asbestas in the sampled dust reported s the number
of asbestos strociures per umit area of sampled surface.

1.1.1 Ilan estimate of the asbhestos mass is to be determined,
the user is referred to Test Marhod D 5756,

1.2 This wal method describes the equipment and proce-
dores necessary for sampling, by a microvacuum technique,
non-airborne dust Jur levels of asbestos structures. The non-
airborne sample is collected inside a standard filler membrane
cassette from the sampling of a surfuce area {or dust which may
contain asbestas.

[.2.1 This procedore wses a microvacyuwming sampling techi-
nugue. The collection efficiency of this technique is unknown
and will vary among subsrrates. Properties influencing collec-
tion efficiency include surface texiure, adhesiveness, electro-
static properties snd other fagtors.

1.3 Ashestos identified by transmission electron microscopy
{TEM) is bascd an morpholegy, sclected aren electron diffeac-
tion (SATN}, and energy dispersive X-ray snalysis (RDXA)
Some information abowt structure size is also determined.

1.4 This test method is generally applicable for an estimate
of the surface loading of asbestos structures starting from
approximately 1000 gsbestos shucres per square centimere,

1.4.1 The procedure outlined in this test methad emplays an
indirzct sample preparation technigue, Tt is intended o disperse
agprepated asbesrtos into fundamental Rbrids, fiber bondies,
elusters, or matrices that can be maore aceurately quantified by
transmission eleceron microscopy, However, as with all indi-
rect sample preparation techniques, the asbestas observed for
guannficion may nat represent the physical form of the
asbestos as sampled. More specifically, the procedure de-
soribed neither creates nor destroys asbestos. but it may aler
the physical form of the mineral fibers.

"This test raethid g under the jussdwton af ASTM Cammuiee D22 on
Sminpling and Acnlysiz of Amwosgheres wnd is the direct tesponsibility of Subeams
miles D2207 an Sampling andl Anslyss of Ashasios,

Current edition approwed Aprit 10, 200), Puilished June 2003, Qrigwatly
upproved m 1BYS. Lagt previous whition approved in 2002 us D 3735 - 02,

1.5 The values stated in 81 onits are to be regarded as the
standard. The values given in parentheses are for information
only.

V.6 This standard does not purpart 1o oddress all of the
sgfety concerns, i amy, assoctured with i wse. 1 is the
responsibility of the wser of this stundurd 1o extablish appro-
priote sqfety and health practices and determing the upplica-
hiliry of repulaiory imitanions prior 1o use,

2. Referenced Docoments

2.1 ASTM Standards:

D 1193 Specification for wepgent Water

D 3185 Practice for Rotameier Calibration?,

0 3670 Guide for Determination of Precision and Bias of
Methods of Commintes D223

D 3736 Test Meihod for Microvacuum Sampling and Tndi-
rect Analysis of Dust by Transmission Electron Micros-
copy for Asbestos Mass Surface Loading?

D 6620 Practice for Delermining a Detection Limit for
Asbestos Mepsurenients Based on Caunts?

3. Terminology

3.1 Definitions:

301 asbesnform—a special type of fibrous habit in which
the fibers sve separable into thinner Abers and ultimately into
fibrils. This habit accounis for greater Aexibility and higher
tensile strength than other habits of the same mineral. For more
informetion on asbestiform mineralogy. see Reis (13,7 (2) and
3).

32 avhestos-—a collective team thar describes a group of
naturally ocouwrring, inorgan:, highly fbraus, silicate domi-
nated ininerals, which are easily scporated into long, thin,
flexible fibers when crushed or processed.

* anpuai ook of ASTM Siardards, Vol 1101,

P ammual Buok of ASTM Standuedy, Vol 11,03,

¥ The bold firve nurnbiers jn pargthesss refor tohe 1St of reforences 5t the end ol
iy (281 methadl.

Copynght & ASTM nlsnatisndl, 160 Barr Harbar Drive, PO Box C700, Waat Sanshaheckan, PA 10426-2058, Lintad Smige,

Copyright by ASTM Inr'l {all nights reserved);

Reproduction authorized por License Apgreenient with Heidi Fajiz (Maxim Technologics): Man Feb 13 §9:00:00 EST 2006
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3.1.2.1 Disgussinon—Ineluded in he definition are the as-
bestform varieties of serpentine (ehrysotile); rieheckie (cro-
cidolite); grunerite (gruncrite asbestos); anthophyliite (antho-
phyllite asbestos); tremolite (remolite agbestos); and actirolite
{actinolite asbestos). The amphibole mineral compasitions are
defined acourding ta nomenclawrz of the Tnternational Miner-
alogical Asseciation (3},

Asbeares Chamieal Abatracr Service No.”
Chrysolls 12001-38.5
Cracidolita 12001-28-4
Grunarite Asbesias 12172-73-6
Anthophylite Asbosios TYSIE8-HT-5
Tramalita Asbeslas 77536866
Aclinolita Ashesios 75308604

.13 fibril—u single fiber that corpnot be scparated into
smaller components without Josing its fibrous praperties or
appearance,

3.2 Definirions of Terms Spacific te This Standavd:

2.0 agpert vario-—the ratio of the length of a Abrous
particle to its average width,

3.2.2 bumdle-=a struciare composed of three or mors fibers
i a parellel arrangement with the fibers closer than onc Rber
diameler ta each olher.

323 cluster—a stouciure with fibers m a random arange-
ment such that all fibers are inteemixed and na single fber ig
1solated from the group; groupings of fibers must have more
than two points touching.

324 debris—marerials that are of an amount and size
{(porticles greater than { mm in diamcter) thpt can be visually
identified as to their source.

325 dusi—any material composed of particles it o size
ramge of <1 mm,

3.2.6 fiber—p siructure haviag o mininvm Tength of 0.5 wm,
4n aspeci Tatio of 5:1 o greater, and substantially parallel sides
{4}

327 fibrous—of a mineral composed of parallel, radiating,
or interiaced agpregates of fibere, frorm which the Sbers arc
sometimes separable. That is, the crysialline sggregate may be
referced to as fibrous even i il is nat composed of sepurable
fibiers, but has tha distinet pppearance. The tenm fibrous is sed
in o gencral mineralogical way 10 describe nggregates of prains
that crystallize in o needle-lile habit and appear to be com-
posed of fibers. Ribrous has a much moce general meaning than
asbestns. While it is correct that all asbestos minersls arc
fibreus, nar all minerals having fibrous abits are ashestos,

328 indirect preparation—a method i which a sumple
passcs througlh one or more intermediate steps prior to final
Alration.

3.2.9 marrive—a structure in which ong ar mare fibars, or
fiber bundles that are touching, are attached o, ar partially
concealed by 3 single pardicle or connected group of non-
fibrous particles. The exposed fiber must meet the fiber
deflinition (see 3.2.6).

L2108 strupnres—a term that is vsed 1o categorize all the
types of asbestos particles which are recorded during the
analysis {such as fibers, burdles, clusters, and matrices). Final

" T nan-nabestitbnn varistions of tha wimernlg inclicared n 5.5,3 have diffeeal
Chemical Abutrzer Ssrvice (CAST numbers,

Copyright by ASTM Int (a1l rights reserved),

2

results of the test arc always expressed in asbestas Structures
PET sgjuare centimetire.

4. Summary of Test Method

4.1 The sample is collected by vacuuming a lmawn surface
area with a standard 25 or 37 mm air sampling cassette using
a plagtie tube that is aetached ta the inlet orifice which acrs as
a vozzle. The sample s mransferred from inside the cassette 1o
an aqueous suspension of known valume, Aliquots of the
suspension are then fillered rhrough a membrane, A section of
the membrane is prepared and tansferred to a TEM grid using
the direcr ransfer methad. The asbestiforn structures are
entified, sized, and counted by TEM, using SAED and
EDXA at 4 magnification of 15 005 to 20 000X,

5. Significance and Use

5.1 This microvacuum sampling and indireet analysis
method is used for the general testing of noo-airborne dust
semples for asbestos. Tt is used (o assist in the evaluation of
dust that may be found on surfaces in buildings such as ceiling
tiles, shelving, clectrical components, duct work, carpet, &e.
This test method provides an index of the surface loading of
ashestos structures in the dust per unit area analyzed as derived
from o guantitative TEM analysis.

5.1.1 This test method does not deseribe procedures or
techniques required to evaluate the safety oc habitability of
buildings with ashsstos-containing materials, or compliance
with federal, state, or tocsl regulations or statuzes. It is the
user's responsibility to make these deferminations.

5.1.2 At present, no relationship has been catablished be-
tween asbestos-containing dust as measured liy this test method
and potential human cxposure to airborne ashestos. Aceord-
ingly, the users should consider ather available information in
their interpretation of the dala obtained from this test methad.

5.2 This definition of dust accepis all particles small enough
to pass throwgh & | mm (No, 18) screen. Thus, a single, larpe
asbestos comaining particle(s) (from 1he large end of the
particle size distribution) dispersed during sample preparation
may result i anomalowsly lavge ashestos surface loading
results in the TEM analyses of thut sample. It is, thercelore,
recommended that mulliple independenc samples are secured
from the same area, and that 2 mintinum of threg samples be
analyzed by the entire procedure.

6. Tnierferences

6.1 The following minerals have propertics (chat is, chemi-
cal or evyatalling structure) which are very similar to nsbestos
minerals and may inerfers with the analysis by cavsing & false
positive to be wecorded during the test, Therefore, literatre
references (or these materials musc be maintained in the
lsboratory for compirisan to agbesios minersly so that they urg
nat misidentified as asbestos minerals.

6.1.1 dnrigerite.

6.1.2 Polygorekite (Anapulgie.

6.1.3 Hulloysize,

6.1.4 Pyroxencs.

6.1.5 Sepinfire.

0.1.6 Fermiculite serofiv.

Reproduction authorized per Lizense Agreement with Heidi Polrz {Maxim Technologies); Mon Feb 13 19:00:09 EST 1006
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6.1.7 Fibrauy e,

6.1.8 Hornblengde and other amphiboles other than those
listed tn 3.1.2,

6.2 Collecting any dust particles greater than § mim in size
in this test method may cause an interference and, therglore,
must be avaoided,

7. Materials and Equipment

7.1 Puriry of Reagemis—Reagent grade chernicals shal] be
used in all tests, Uniess otherwise indicated, it is intendad that
all reagents conform to the specifications of the Committes on
Analytical Reageni= of the American Chemical Society, where
such specitications are available. Other grades may be used,
pravided it is first ascertained that the reagent is of sufficicatly
high purity to permit its use withour lessening the accuracy of
the determingtion,”

7.2 Transmission Etectron Microscope (TEM), an 80 to 120
kV TEM, capable of performing clestron diffraction, with g
Auoreseent screen inseribed with eplibrated gradations, is
required. The TEM must be equipped with cnergy dispersive
Xeray speciroscopy (EDXA) and it must have a4 scanning
transmission gicetron micrascopy (STEM) attachment or be
capable of producing a spot size of less than 2350 am in
diameter in crossover

7.3 Energy Dispersive X-roy Spsiem (EDXA).

7.4 High Vacwum Cavbon Evaporator, with rotating stage.

7.5 High Effiviency Particulate Air (HEP1), fllered nega-
tive Row hood,

7.6 Exhaust or Fume Hoed.

1.7 Particle-free Water (ASTM Type 11, see Specification
D 1193).

78 Ghuy Beukery (50 mL),

7.9 Glass Somple Containers, with wide mouth screw cap
(208 mL.) or equivalent sealable continer (heighe of the glass
sample container should be approximately 13 em high by 6 ¢m
widle),

110 Wurerproof Markers,

T Forceps (tweezers),

T2 Liltrasemic Bark, 1able wp madel (100 W)

713 Graduated Pipeties (1. 5, 10 mlL sizes), glass or
plaste,

704 Filter Funnel, either 25 mm or 47 mm, glass or
disposable. Filter funnel asserblies, cither glass or disposable
plaste, and vsing either 2 25 mm or 47 mm dismeter filter.

113 Side drm Filier Flagk, 1000 mL.

76 Mixed Cetiutove Ester (MCE) Membrune Fifters, 25 or
47 mm diameter, =0.22 ym and 5 wm pore size.

717 Fatycarbonare (PC) Filiers, 25 or 47 mm diameter,
F0.2 um pore size.

718 Srarage Contginers, Tor he 25 or 47 mm filers (for
archiving).

7.19 Glass Slides, approximately 76 by 23 mm in size.

" Remgem Chomigoly, Americn Cheoural Sowicty Spregficodiaie, Arvengnn
Chomical Saviety, Washiagton, 9C, Far Sugpations on the Wmting ol reagents not
listed by the Amencdy Chemient oy, see dnader Stardaris for Lithoreir:
Chenricals, WDIL Lie, Pante, Daraer, UK., and the Unlied Stiies Fharmavapcia
and Mitignal Furtmuiur, 115, Plarmacenical Cony wtivn, Inc. (USPCY, Rockville,
MD.
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7.20 Scalpe! Blodes, Wo. |0, or equivalent.

721 Cabinat-type Desiccaror, or low empeniture drying
OvEn.

7.2% Chloroform, reagent grade.

723 Acetone, reagent grade,

7.34 Dimethylformumide (DME),

T.25 Glacial Acetic Avid,

726 f-methpl-2-pywrolidonc.

7.27 Plasma Asher, low lemperature,

7.28 pH Paper,

T.29 Air Sampling Pump, low vohime personal-type, co- ¢
pable of achieving & Aow rate of | 10 5 [J/min.

1.30 Retumerer,

1.3 dir Sumpling Casseties, 25 mm or 37 mm, cOntaping
(.84 m ar smaller pore size MCLE or PC filters.

7.32 Cork Borer, 7 mm.

7.33 Non-4shestos Mineral, references as outlined in 6.1,

7.34 Adshestos Srandards, as outlined in 3.1.2,

7.35 Fygon” Tubing, or equivalent,

7.36 Sme!l Vacium Pump, that can maintain a pressure of 92
kPa.

737 Pewri Divhes, Jarge plass, approximately 90 mm in
diameter.

7.38 Jaffe Fasher, stainless steel or aluminum mesh screen,
30 ta 40 mesh, and approximatety 75 mm by 50 mew in size.

7.39 Capper TEM Finder Grids, 200 mesh.

140 Carbon Evaporator Ruds.

741 Lens Tissue,

TA2 Ashless Filter Paper Filters, 90 mm diameter,

743 Gummed Paper Reinforcemrent Rings.

7.44 Wash Borles, plasnc.

745 Reugent Alcobal, HPLC Grade (Fisher A995 or equiva-
lent).

146 Openimg Mesh Screen, plastic, 1.0 by 1.0 mm,
(Specoa-Mesh #146410 or cquivalent),

7.47 Diffraction Grating Replica

J

8. Sampling Procedore for Microvacuum Teehnigue

K.1 Far sampling asbestos-containing dust in cither indoor
or ouldeor environments, commerciatly available cussetres
must be used. Alr monitoring cusscites containing 25 mm or 37
mm diamater mixed cellulose esier (MCE) or polyvcarbonate
(PC) Alter membranes with a pore size less than or equal to 0.8
pm ave required (7.31). The number of samples collected
depends upon the specific circumstanves of the study.

8.2 Maintuin a tog of all pertinent sampling information and
sampling locatisns,

B.3 Sampling pumps and flow indicarors shall be calibrated
using o cettified standerd apparatus or &ssembly (see Proctce
D 3195 and 7.249).

B.4 Record all calibration infermation {5).

8.5 Perform & lesl check of the sampling systerm ac cach
sampling gite by activating the pump (7.29) with the closed
sampling cassette in line, Auy air flow shows that a leak is
present that must be climinated before initisting the sampling
operation.

—
T Tygon i o remginred tadamark oF the DBy Paa T,
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k6 Anoch the sampling cossetic to the sampling pump at
the outdet side of the cassctte with plastic tobing (7.35). The
plasiic tubing must b long enough isd that the sample oreas can
be reoched without interforenge--famfhe sampling pomp.
Amach a clean, approximately’ 25.4 mmlong picce of plastic
mbing (635 mm internal dinmea@Fyaiiedtly w the inlet orifice.
Use this picce of wbing as the sampling nozzle. Cut the
sampling end of the tubing o & 457 angle o8 illustroted in Fig.
1, The cxact design of the nozzle is not critical as long as some
vacuum break is provided 10 aveld simply pushing the dust
around on the surface with the nozzle rather than vacuming i
into the casseric, The intarnal diameier of the nozzle and Now
rate of the pump may vary as long as the air velogity is 100
{£10) cmi/s, This air velociry calculation is hased on an intzmal
sampling tube digmeter of 6.3% am ot o Sow rate of 2 L/min.

R.7 Meuasure and determine the sample area of infergst, A
sample area of 100 em® is vacutsned untl there i no visible
dust or particulaies matter remainiag. Perform a minimum of
two orihogonal passes on the sueface within 2 minimum of 2
min of sempling time. Avoid scraping or abrading the surfage
being sampled. {Do not sample any debris or dust particles
greater than 1 mm in diameter (sec 4.2).) Smaller or larger
arcas ean be sanpled, 1T negded. For exomple, some surfaces of
interest may have a smaller area than 100 cm® Less dusty
surfaces oy require vacuwning of larger arcag. Unlike air
saumples, the overfoading of the cassettes with dust will not be
a problem. As defined in 3.2.5, ondy dust shall be collected or
thiz analysis.

8.8 Ar ihe cnd of sampic collcction, invert the casseme so
thit the nozzle inlet laces vp before shutring off the power to
the pamp. The nozzle i3 then sealed with a cassetre end-plug
and the cassere/nozzle (ped or approprintely packaged to
prevent separation of the nozzle and cassctte assembly. A
gecond onption is the removal of the nozzie Trown the cassstie,
thea plugging of the cassette and shipment of the nozzla {alse
phugged at boh ends) sealed in o separale claseable plastic bag.
A third option s placing the nozzle inside the cassete for
shipmenl. The rozzle s always saved and rinsed becanse a
significant percentape of the dust drawn from a hghtly laaded
surface may ndhere to the inside walls of the whing,

8.9 Check thar all samples are clearly Jabeled, that all dust
sampling information gheets are completed, and thae all perti-

B

i
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nent infeomation has been cnclosed, in sceordance with Jaho-
ratory quslity contra) practices, before ransfer of the samples
to the laberatovy. Include an unused casseiie and nozzle as o
field blank.

810 Wipe ofl the exterior surfuce of the casseties with
disposcble wet wwels (baly wipes) prios 10 packaping for
shipment,

9. Sample Shipment

9.1 Ship dust sampies Lo an analytical laboraeory ia a sealed
cantainer, bul separate {romy any bulk or air samples. The
cassettes must be tightly sealed ond packed in a material free of
fibers or dust 10 minimize the polential for contamination.
Plastic “tubble pack’ 1s prabably the most appropriate marterial
for this purpose.

10. Sample Proparation

0.1 Under o negative flow HEPA hood (7.5), carcfully
wet-wipe the exterjor of the cassettes to remove any possible
contamination before taking cassertes into 4 clean preparation
area.

10.2 Perform sample preparation fn g clesn facilily that has
o separate work arga [rown both the bulk and air sampie
preparation areus.

163 Tminia! spechbnen preparation shall take plaee in a clean
HEPA diltered nggative pressure hoed o avold any pagsible
contamiination of the laboratory o1 persanned, or both, by the
patencinlly large mwrober of asbastos strucoires in an asbestos-
contgining dust somple. Cleanliness of the preparation areq
hoods is measured by the cumulative process blank surface
loadings {sze Sectian 11),

10.4 Al sample preparacon steps 10,4.1-10,4.6 shall ke
ploce in the dusr preparation area inside s HEPA hood.

10.4,1 Bemove the upper plug from the sample cassette ond
cirefolly introduce approximately 10 mL solution of a 30/30
mixiure of particle-free warer and reagent aleohel into the
cassette using a plastic wash hottle {7.44). f the plupged
nozzle was left attached w the cassctie, then remove the plug
and intoduce the water/alecoho) solution inro the cagsette
through the wbing, and ther remave the tabing, iF i is visibly
clean,

"3
AFPROHINATE
PAS GEOREL

’;" &NGL{Z

s 1787 DlaE TR
T

FIG. 1 Example of the Tublng Nozzla
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10.4.2 Replace the upper plug or the sampte eap and lightly
shake the dust solution by hand foc 3 .

104.3 Remove the entire cap of the cassette and pour the
suspansien through o 1.0 by 1.0 mun opening screen {7.46) inw
a pre-cleaned 200 ml, glass specimen bowle (7.9), All visible
traces of the sample contained in the gassette shall be vinged
through the screen into the specimen bottle with a plastic wash
bottlz containing the 50/50 solution of particle-free waler and
aleahal, Repeot this pracedure two additenst times for a toinl
of three washipgs. Next, rinse the aozzle two or three times
through the sereen into the specimen bobtile with the 50/50
wixiure of water and aleghel. Typically, the total amoeunt of the
50/50 mixiyre used in the rinse 1y 50 to 75 mL. Discard the 1.0
by 1.0 nym screen and bring the volune of suspension in the
specimen borde up 1o the 100 mlL mark on the side of the botle
with particle-lree water only,

10.4.4 Adjust the pH of the suspension 10 3 1o 4 using 4
10.0 % solution of acetic acid. Use pll paper Tor testing. Filter
the suspension within 24 h to avoid problems associaed with
bacterinl and fungal growth.

10.4.5 Use either a disposoble piastic fltration wait or a
plass filtering unit (7.14) for Gltration of aliquots of ihe
suspension, The ability of an individual flitration unit to
produce a uniform distribution may be tested by the filtration of
a colored partienlaie solution such g5 diluted india ink {solution
of carbon black),

10,450 17 a dispasable plastic filiration unit is used, then
unwrap a new digposable plastic filter fuanel unit (cither 25 or
47 mm diametery and remove the ape around the bose of the
{funnel. Remove the funnel and discard the top filter supplied
with the apparanys, retaining the coarse polypropylene sunport
pad it place. Assemble the unit with the adapter and a properly
sized seoprene stopper, and agach the funnel  the 1000 ml.
side-urm vacuwn fask (7.15). Plact o 5.0 yu m pore size MO
(hoeking filier) on the suppor pad. Wer it with a few mL of
particle-free waler and place an MCLE (7.16) or PC iilwr
(50,22 pm pore size) (7.17) on dop of the backing filtee, Apply
a wacuwm (7.36), ensuring thar the filters are cemered and
pulted flat witheue air bubbles. Any ircegularities on the filler
surface requires the discard of that filter. Aler the filter has
hien seated properly, replace the finnel and tasenl i with the
tape, Return the flask w atmoapheric pressure,

16.4.5.2 10 glass filteation ubit s usad, place a 5 pm pore
size MCLZ (backing filver) on the gless frit surface. Wel the filtar
with porticle-free water, and place an MCE ar PC filier (=0.22
um pare size) on wop ol the backing filter, Apply a vacuum,
gnsuring that fhe tihers are centered and pelled Aat without air
bubbles, Replace the filiers if any hregularities are s¢en on the
flter surface. Before Gilwation of each set of sample aliquots,
prepare a blank fileer by fltration of 50 wmL of particle-free
water. 1f aliquots of the some sample are filtered in order of
increasing surface loading, the glass filration wpit need not be
washed between Gltration. After completion of the filiration, do
nat alfow the filtration funnel assembly o dry becauss con-
wrmnation is then more difficult to rermave, Wash any residual
solution fTom the Giltration assembly by holding it under a flow
of water, then rub the surface with o clean paper towel soaked

Copyright by ASTM Int] {all rights reservedy;
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m 3 detergent solution. Repeat the cleaning opercation, and then
rinse nwo times in particle-lree water,

10.4.6 With the flask at atmospheric pressure, add 20 mL of
particle-free water into the funncl, Cover the filter fannel wih
its plastic cover if the disposable Bliering unit is used.

10.4.7 Briefly hand shake (3 ) the capped boule with the
semple suspension, then place it in a tabletop nhrasonic bath
(7.12) and scenicate for 3.0 min. Maintain the water level in the
sanicator of the aame height aa the suspeasion in sample boutle.
The ultrasonic both shall be calibrated as described in 20.5. The
ultragonic path pmst be operated ot equilibricm temperature,
After sonicating, retum rhe saople botle to the wark surface of
the HEPA hoed. Preparation steps 10.4.8-10.4.14 shall be
caeried out in thiz hood.

10.4.8 Shake the suspension lightly by hand Tor 3 5, then let
il vest far 2,0 min 1o allow Lacge particles to setile 1o the hotram
of the bottle or foat ta the surface.

1049 Estipmte the amount of liquid to be withdrawn 1o
produea an adequate fiter preparation. Experience has shown
that o light staining of the filter surface will yicld a suitable
preparation for analysis, Fileer at least 1.0 mL, but no more
than half the tatal velume. [Mafier exaninason in the TEM, the
smallest volwne measured (1.0 mL) (7.13) vields an over
loaded sample, then perform additional serial dilutions of the
suspension. If 11 is catimated that loss than 1.0 mE of suspen-
sion has ta be filtered beeause of the density of the suspension,
perform a serial dilution.

10.4.9.1 1 serial dilutions are reguired, repeat siep 10,4.8
hefore the serinl dilution portion is taken. Do nol re-vonicaw
the origing! suspension or any seeial dilutions, The recom-
mended procedure for o sevial dilution 15 to mix 10 mL of the
sumple suspension with 90 mL of parzicle-fres water in a elean
sample botde to obtain a 1:10 seripl dilution. Follow good
|aboratory practices when parforming difetions.

10.4.10 Insert a new disposable pipette halfway oto the
sarmple suspension and withdraw a portion, Avoid piperting any
of the large footing or settled particles, Uncover the filer
funnel and dispense the mixtore from the pipenc into the water
in the funnel.

10401 Apply vacuum w the (ask and draw the mixwre
throuph the filter.

10.4,12 Discard the pipette.

104,13 Disassemble the flvering umit and carcfully remave
the sample filter with Gne tweezers (7.11). Plsce the completed
sample filter particie side up, Mo a precleaned, labeled,
tlisposable, plastie petri dish (7.48) or other similar condainer.

104,14 In order to easore that an optimaliy-losded filter is
obtainzd, it is recommended thal filters be prepared from
several different aliquots of the dust suspension, For this series
ol Hirers, it is recommended that the volwme of each aliquet of
the origing) suspension be o factor of tive higher than the
puevious e, If the filiers are prepared in order of increasing
aliquot valume, ail ol the filters {or one sample tan be prepared
using ane plastic disposable filtration unit, or without ¢leaning
of glass filravion equipment botween individual fileeation.
Before withdrawal of gach aliguot from the sample, shake the
suspension wilboul addicional sonification and aliow 1o cest for
Z min,
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10.4.15 There arc many practical methads for drying MCE
filters. The following sre two examples that can be used: { /)
dry MCE flers for at least 12 b {over desiceant) in an airtight
vobiner-cyps Jesiceatar (7.21); (2) to shorten the drying time (if
desired), remove a plog of the damp fitter and amach it to a
class slide (7.19) as deseribed in 12.1.2 ond 12.1.3, PMace the
slide with a filter plug or Blser plugs (up to cight plugs can be
arached to one slide) on a ked ol desiccant, in the desiccoror
for | h.

19.4.16 PC fiers do not require lengthy drying bafore
praparation, but shall be placed in 8 desiceator for ar least 30
min before preparation,

£0.5 Prepare TEM specimens from small seerions of each
dried filter using the appropriate direct ransfer preparation
method.

11. Blagks

F6.1 Prepare sample blanks that include both a process
plank (50 ml. of particle-free water) for each et of samples
analyzed und one woused flrer from caeh new box of sample
Rlters (MCE or PC) used in the laboratory. 11 slass Alering
units are used, prepare and analyze a process blank cach time
the filtering unit is cieancd. Blanks will be considered con-
taminated, W afier analysis, they are shown to contain more
than 53 asbestos structures per square midlimetre. This gener-
ally eorresponds 10 three or four ashesios siructures tound in
ten grid openings. The source of the contaminanon must be
found before any further soalysis can be performed. Roeet
samples that were processed along with the contaminated
blanks ase]l prepare new samples after the source of the
contamination is Tound.

11.2 Prepare ficld blanks which are included with sample
sets in the same manner as the sanples, to test for contamina-
tion during the sampling, shipping, kandling, and pregaration
steps of the method.

12. TEM Specimen Preparabion of Mixed Cellulose Estor
{MCI) Filters

Nute 1—Us2 el gither the oegtoné or e diametby!formamide-scetic
acid method i% gocepible,

12.1 Aeetone Fusing Method,

12.1.1 Remove g section (a plug) from any guadrant of the
sample ani blank filters, Sections eno be removed from the
filters vsing o 7 mm cack borer (7.32), The cork borer must be
wet wiped after cach dmie a section is removed.

12.1.2 Place the flter section {particle side up) on a ¢lean
microscope slide. Afix the filwer sccion to the slide with a
gummed page reinforcemens (7.43}, or other snilable meang,
Label the slide with o glass seribing ol or permanent marker
(7.100,

12.1.3 Pegpare o fusing dish from a glass perd dish (7.37)
and a2 metai screen bridge (7.38) wath a pad of five to six
ashless paper iters (7.42) and place in the boatwm of the pein
dish ¢4}, Place the sergen bridge on 1op of the pad and saturate
the Glier pads with seetone. Place the slide on top of the bridge
in the perrt dish and caver the Jish. Wair approximately 5§ min
[ov the sample filter to fuse and clear.

V2.2 Dimethvlformanide-Aceric Aeid Method:

Copyright by ASTM Tncl (all righes reserved);
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12,2.1 Placc a drop of clearing solution that consists of
35 % dimethylformamide (DMF), 15 % glacial acetic acid, and
50 % Type TI water {v/v) on a clean microscope slide. Gauge
the amount used 50 that the cleanng selution just saturales the
fiiter sechon.

12.2.2 Carefully lay the filter sepment, sample surface
upward, on rop of the solution, Bring the flter and solution
together at an angle of about 20° to help exclude air bubbles.
Remove any extess clearing sohetion, Place the slide in an
aven or on 4 hot plate, In 4 fume hood, at 65 to 70°C for 10
min,

12.3 Plasma ciching of the collapsed filier is required.

12.3.1 The micrascope slide lo which the collapsed filter
picoes are atached is placed in a plagma asher (7.27) Because
nlasma ashers vary greaily in their performance, both from unit
10 vnit snd bebween different positians in the asher chamber, it
is diffcolt to specily the exacl condivions that raust be used.
Insufficient etching will result in a failure to expose embedded
fibers, and too much etching may resutl in che loss of particles
from the htter surface. To determiine the optimum Hime for
ashing, place an vnused 25 mm diameter MCE filter in the
center of a glass micruscope slide, Posivion (he $lide approxi-
mately in the center of the asher chamber, Close the chambey
and cvacuatz 1o o presgure of approximatcly 40 Pa, while
admitdng oxygen to the chamber at a vate of § 1o 20 em/min,
Adjust the funing of the system sg that e intengity of the
plasma ig maximized. Detennine the time required for com-
Plere oxidation of the fillar. Adjust the system paramercrs 1o
achigve complete oxidation ot the filter in a pericd of approxi-
mately 13 min, For cteching of cotlapsed flters, wse thesc
operating putamneters {or a peviod of & win, For addiljonal
infarmation on calitiralion, see the USERd Ashesios-
Cuntaining Materials in Schools {4) or NIST/NILAP Progrem
Handhook for Afrborne dsbesios Anulveis (6} docurnents,

12.3.2 Place the glass slide contvining 1he collapsed filtars
inte the low-temperawre plasima asher, and sich the lilter,

12,4 Carbon conting of the collapsed and ctehed filters is
required.

1240 Carbon coating must be poformed with s high-
VACUND COATINE ULt (7.4), capable of less than 107 torr (13
MPa) pressure. Fnits that are based on evaporation of carbon
flaments in 3 vactum generated only by an oil rotary pump
have not been evalvated for this application and shall not be
used, Carbon rods (7.40) used for cvaporators shail be shomp-
ened with o carbon rod sharpener to a neck of about 4 mm in
length and 1 rmom in diameter. The rods are installed in the
BVAPOTALOT in such a manner that the paints are approximately
(00 e 120 mm from the surfoce of the miceascope shde held
in the rotalmg device.

12.4.2 Place the glass slide halding the filters on the rowtion
device, and evacuate the cvaporator chamber to a vasuum of at
least 13 MPa. Perform the evaporation in very short bursts,
separates] by 3 o 4 g 10 allow the clectrodes 1o cool. An
alternate method of cvaporation is by using a slow cuntinuous
applied coment. An cxperienced analyst ean judge the thickness
of the carbon film to be applied. Conduet tests on unused filtors
first. T the curbon filon as (oo thin, lares particles will be losi

Reproduction authorized per License Agreement with Heidi Foltg (Maxim Technologies); Mon Felr 13 19:00;09 EST 2006



[27 03,2085

16: 56

TT MAXKIM TECHHMOLOGIESC + HELEMRA

R

4% D 5755 - 03

from the TEM specimen, and there will be few complete and
undamaged prid opeznings on the specimen,

12.4.2.0 1 rhe coating is wo thick, it will lead to o TEM
image that is lacking in contrast, and the ability o obwin
cleetron dHlructan paterns will be compramised. The carbon
lilm shall be as thin as passible and still remain intact on most
of the grid openings of the TEM speciman.

12.3 Preparation of the Jaffe Wusher— The precise design
of the Jafle wosher (5 ot considered important, so any one of
the published designs may be used (7, §). Onc such wusher
CONSISES of 5 simple stainless steel bridpe coptained in § plass
petri dish.

12.5.t Tlace several pieces of lens ussue (7.41) on e
stoinfess stecl bridge. The picees of lens tissue shall be large
cnough to completzly drape wver the bridge and joto the
solvent. Tn a fume hood. fill the petri dish with acetone (or
DMF) until the height of the salvent is brought up to contact
the underside of the metal bridge as illusirated in Fig, 2.

126 Plaving the Specimeny inta the Jgffe Washer:

12.6.1 Place the TEM grids (7.39} shiny side up on & picce
ol lens tissue or filler paper so that individual grids can be
easily picked up with tweazers.

12.8.2 Prepure three grids from each sample.

12.6.2.1 Lizing a curved scalpe! blade (7.20), excise at leost
rwi square (3 mm by 3 mm) pleces of the carbon-coared ML
flcer from the glass slide.

12.62.2 Phice the squace Glter piece carbon-side up vn top
of a TEM specimen grid.

[2.6.2.3 Place the whole assembly (flter/gnd) on the salu-
rited lens tissye i the Taife washer,

12.5.2.4 Place the three TEM grid sample filter prepacations
on the sume pigee of lens dssue in the Jaffe washer.

12625 Place the Iid on the Jaffe washer und allow the
system e stand lor several hours.

127 Alternately, place the grids on a faw level (perri dish
filled to the Y% mark) DMF Joffe washer for 60 min, Add
enough solution of equal parts DMF/aceione to () the washer
10 the serzen fcvel. Remove the grids after 30 min if they have
cheared, thav is, all Glter material has been removed from the
carbon film, as determined by inspection in the TEM.

12.8 Carefully romove the grids {rem the Jaffe washer,
allowing the prids 10 dry before placing them in a clean marked
grid bax.

Eipctran micrageone
specimoens

Giace pate dish
(1ODmm « 1B mm)

S1ainigsx 2toal meazh
briggs |50 mexh)|

Lony
Tledig

FIG. 2 Example of Dealgn of Solvent Washor (Jaffe Washer)
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13. TEM Specimen Preparaiion of Polycarbonate (PC)
Filter

13.1 Caver the swiface of 4 clean mucroscape shide with twa
strips of double-sided adhesive tape.

13.2 Cut a sinp af flter paper slightly narrower than the
width of the slide. Position the hlter paper strip on the ceater of
ihe leagth of the slide.

13.3 Using & ¢lean, curved scalpel blade, cut o strip of the
PC Tilwer approximately 25 by & mm. Use a rocking motion of
the s¢alpel blade 1o aveid tearing the filier. Place the PC stiip
particle side up on the slide perpendicular to the long axis of
the slide, The ends of the PO strip must centact the double
sided adhesive rape. Each slide can hold savern] PC strips, With
& giogs marker, lahel ench PC strip with the individual sampie
number

13.4 Carbon coat the PC fileer serips as discussed in [2.4.2.
P fileers do not require etching.

Nore 2--Cawtion: Do not overheal the filter sections while casbon
couling.

13.5 Prepare g JalTe washer as deseribed in 12.5, but ) the
washer with chloroform or T-methy-2-pyrrolidone (o the level
of the sereen,

13.6 Using a clean curved sealpel blade, exgise three, 3-mm
square filter pieces fram cach PC strip. Place the filter squares
earbon side up on the shiny side of' a TEM grid, Pick up the
grid and filter section togethor and place thew on the lens tissuz
in the Jalle washer,

13.7 Place the fid on the Jafle washer and rost the grids in
place for at least 4 I Bast results are obiained with lonper
wicking times, up o 12 h.

13.8 Carefielly vemove the grids from the Jaffe wagher,
allowing the grids to dry befure placing them in a elean,
marked grid box.

14, Grid Opening Measurements

14.1 TEM grids must bave a known grid opening areu.
Datenmnine this areg as foliows:

14.2 Moasure at least 20 grid openings in each of 20 eapdom
75 10 100 pm (200-mesh) copper goids for a total of 400 grid
openings for every 1000 grids used, by piacing the 20 grids on
@ jgtass slide and examinmng them under the optical microscope.
Use 3 calibrated graticule fo mepsure the average length and
width of the 20 epenings rom cach of the individusl grids.
From the accumulated data, calculate the average grid opening
arca of the 400 openings,

14.3 Girigd area measurgments can also be made at the TEM
at & calibrated sercen magnibeation of between 15 000 and
20 000K, Typically mensurc one grid opaning for cach grid
examined, Measore grid openings in both the x and v dircctions
and caloulate the area.

14,4 Pre-colibrated TEM grids are also aceeptable for this
test methagl,

15. TEM Method

15.1 Microscope scttings: 80 (0 120 kV, 15 000 1o 20 000X
sereen magnification Jor analysis (7.23,
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3.2 Aralyze two grids for cach smnple. Analyze one-hall
of the sample area on one sample pgrid preparation gnd the
resnpaining hall on o second sample grid preparation,

15.3 Derermination of Specimen Sidtabilin:

13.3.1 Carefully load the TEM grid, carbon side (acing up
(in the TEM column) with the grid bars oviented pursllel/
perpendiculir to the length of the specimen holder. Use a hand
lens or loupe, if neeassacy. This procedure will ling up the grid
with the v and y translation divections of the microscope. Insert
the specimen holder into the micrascope,

15.3.2 Scan the entire grid at low magnification {250X io
1000X) to deteymine its suilability for high magnificarion
analysis as specified in 15.3.3.

15.3.3 Grids gre acceprable for analysis if the following
conditions are mer

15.3.301 The fraction of pged openings covered by the
replita seetion s at least 50 %.

[5.3.32 Relative to that section of the grid covered by the
carbon replica, the fraction of intact grid openings is greater
than 50 %4,

13.3.3.3 The Fractional arca of undissolved filter 19 less than
10 %,

13.3.3.4 The fractian ol god openings with overlepping or
folded replicy film is less than 50 %,

15.2.3.5 Arleasi 20 grid operungs, that have no overlapping
ar Tolded replica, are less chan 3 % covered with holes and have
less than 5 % opaque urea due @ incomplete flter dissolution,

V5.4 Dorermination of Grid Opesing Suiiabiling:

1541 1 the prid mests acceptance cnteria, choose o grid
opering for analysis from vacieus areas of the grid so that the
entire grid is representesf. Detenmine e switability of each
individual grid apening prior te the analbysis.

15.4.2 The individval grid openimg must have less then 5 %
holes Gver its area,

154.3 Grig openings muost be less than 23 % covered with
particulare matter,

15.4.3 Grid openings must be uniformly loaded.

15.5 Qbserve and record the orientation of the grid at 80 1o
[$0X, on a grid mayp record sheel along with the location of the
grid apenings that are exomined for the analysis. If indexed
grids are used, 2 grid map is ot required, but the identifying
coerdinates of the grid square must he recorded.

6. Recording Data Rules

16.1 Record on the count sheet any gantinuous grouping of
pacticics in which un ashestos fibor 15 detected. Clagsily
ashesios strueiiresd o3 Abers, bundles, elusiers, or matricss as
defiped in 5.2

16.2 Use the criteria for fiber, bundie, slusier, and mnairix
idennification, ps describad in the /8ERY Asbestos-Containing
Muterinly in Seheals docurment (4). Record, for each AHERA
gtruclure identificd, the length and widih mcasuremenis.

16.3 Reeard N3D (No Structurcs Detected) when no sirge-
wres are detected in the grid opening.

164 Tdentify struetures classified as chrysoule identified by
2jthes eleziron diftraction or X-ray analysis {7.3) and recorded
el a ecunt sheat. Verify ar least ane oul of every wn chrysotile
stractures by X-tay onalysis.

Copyright by ASTM Inr') (al) rights reserved?,
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16.5 Stroetures einssificd as amphiboles by X-ruy analysis
and clectron diffraction are recorded on the count shect. For
more nformation on identificetion, see Yamaie, ¢t al, (1) or
Chatfield and Dhllon (8).

i6.6 Record o typical olectron diffraction patiern for each
type ef asbestes observed for zach group of samples (or a
minimum of every {ive samples) analyzed, Record the micro-
graph numiber on the count sheer, Record at least one Xeray
spectrum for each type of asbestos obscrved per sample. Atiach
the print-outs 1o the back of 1he count shegt, 17 the X-ray
spectrum (§ sloved, record the file and disk mamber on the couar
sheer,

16.7 Counring Rules:

16.7.1 At u» screen maognificadon of between 15 000 and
20 Q00X evaluate the grids for the most concentrated sample
loading; reject the sample if il 1s cstimated to contain more than
30 asbestos structuces per grid opening. Procced to the next
lower congentrated sample until 2 set of grids are obtained that
have less than 30 asbestos soruetures per grid opening,

16.8 Anelysical Sensitivify (48)—As determined by the
following etuation:

(EFA X G0 ml » DAGO X G4 = e §PL) - a8 il
where: ‘
EFd = effective filter area of the Anal sampling filter, mm*
GO = number of grid opeénings counted
GOA =~ average grid apening areq, rmm*

SPL = surface area sampled, cm?

¥ = volume of sample filtered in siep 10.4.9, represent-
g the actual volune taken from the original 100
mL suspension, mi.

A8 = sanalytical sensisivity, expressed as asbestos

structuresiom?

16.8.1 AnAS of approximatcly 10600 asbestos structures per
Square centimelre (caleulated for the deweetion of a single
asbesios strucore) has been designed Tor this analysiz, This
sensitivity can be achieved by incressing the amount of [iquid
filtered, increasing the number of grid openings analyzed,
increasing the area of the collection, or decreasing the size of
ihe final filter. For example, using a collection area = 500 em?,
filier aren = 00O mm?, numbes of grid openings = 10, and a
grid area of 0.01 mmé, V = 30 mL, the AS is 40 sifom’®.
Oceasionally, due to high pariicle loadings or high ashestos
surface loading, this AS connot be practically achieved and
stopping rules apply.

16.8.2 The numencal value of AS required for any spevific
apptication of this methad may be achieved by selecting an
appropriate combination of the sampling and aoalysis param-
cters in the obove equatian. For example, i SPL = 190 e,
GFA = 1000 mm*, GO = 10, GOA=0.01 mm*, V=10 nL,
and D = 1, then AS = 1000 str/om®. Increasing GO o 50 and V
@ 50 mL changes the AS 0 40 Sir/em™.

16.8.3 When sample fittees arc heavily louded with panicus
late matter, it may vscfu) o employ sevial Jdilutions during
preparation w reduce the loading on grid specimens to accept-
uble levels and thus facilitale analysis. Under such circum-
stances, the AS moy be calenigied by subsututing an appropri-
ate valve for the dilution factor, 1, into the abave equation. Tn
generalk:
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volume of particle free water added (o 'V during serial
difutian to produce the new, diluted suspension.

Thus, it GO=10, V=10 ml, VPFW =90 mL, and
VA =10 nL, D= 6.01 and the AS = L(0 000 str/om?’.

V6.9 Limit of Detection—The limit of detection for this teat
method 15 calewlated using the Pracice D 6620, AN data shall
be provided in the laboratory réport.

1610 Srupping Rules:

16.10,1 The aaaiysis is stopped upan the campletion of the
gricd sguare that achieves an AS of less than 1000 asbestos
SITUCTUTES Y SQUare centimetre.

16.10.2 TF an AS of 1000 asbestos structures per square
centimerre eannot be achieved after analyzing wen grid apen-
ings then stop on grid opening No. 18 or the grid opening
which contdins the 106th ashestos structurz, whichever cones
first, A minimum of four grid squarcs shall be analyzed for
each gampie.

16.00.2.1 I the analysis is sopped because of the 100th
struclure rule, the entire grid square containing the Q0Gth
steucture must be counted.

16.11 After analysis, remove the grids from the TEM, and
replace them in the appropriate grid storage holder.

17, Sample Storage

7.1 The washed-out sample casscttes can be discarded
after vse,

17.2 Somple geids and anused filrer sections (7.18) must ba
stored Tor a minimum of one year,

18. Reparting
18,1 Repaort the following information for each dust sample

analyzed:
18,11
18.1.2
18.1.3
18.1.4
18.1.5
18.1.6

cerinted,
12.1.7

Surface loading in smuctures/cm?,

The AS.

Types of asbestos present.

Number of usbestos structures counted.

Effective filtralion aren,

Average size of the TUM grid openings chat were

Number of grid openings examined,

18.1.8 Sumple dilution used.

18.1.9 Arga of the surface saimpled,

18.1.10 Listing of size daw for cach structure counted.

IT1 Acopy of the TEM count sheet or a complete listing
of the raw data. An gxaumple of a typical count shect is shown
in Appendix X1,

18.2 Determine the amount of asbestas in any accepted
sample vsing the following lovamla:

EFA 00 . > (STR 2
ROl A PRSP = asbestog alnIENTEsAem Y]

where:

Copynight by ASTM Intl (ol] righty reserved);
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D= VAlY + VPFI) (2 @48TR = number of nsbestos structures countcd,
Efd = effective filier area of the final sampling filter,
2
. ; mm
Vi = o : . ) .
i lhe volume of fhe_allquotr from the Tew, dlh}_md GO = mumber of grid openings counied,
suspensisn that {s Rltered 1o prepare the analytica) GOA = average grid opening ares. mm?
fAleer; V = the volame of the aliguat from the initial SPL = surface area sampled cmz‘ and
{100 mL) suspension thal is diluicd; and VEFW =1he v = volume of sample fillered jn siep 10.4.9, repre-

aenying the actual valume taken from the original
100 mb suspension, mL.

19, Quality Contral/Quality Assurance

19.1 Tn general, the laboratory's qualivy contraf checks are
vsed to verify thar a sysiom is performing according to
specificarions regarding accuracy snd consistency. Tn an ana-
Iytical taboratory, spiked or kKnown quantitziive samples are
normolly vsed., UHowever, due to the difficuldes in preparing
known quapulative asbestos sompies, routine qualicy control
testing focuses on re-analysis of samples (duplicate recounts).

[9.1.]1 Re-analyze samples at a mee uf Y of the sample sets
{one out ol every tea smnples analyzed not including Tabarg-
tory blanks}. The re-analysis shall consist of g second sample
preparation obtajined from the tinal fler,

19.2 Tn wddition, guatiy assurance programs must follow
the criteria shown in the USEPA Asbestos-Cantaining Muteri-
aly in Schools dosument (4) and in the NISTINFLAF Prograsm
Handbnok fior Airborng 4sbestos Anwiusly decument (6). Thase
documents deseribe sample eustody, sanple preparation, blank
chetks for contamination, calibration, sample analysis, analyst
gualitications, and technical facilities.

20, Calihyations

20.1 Perform ealibrations of the instrumeninion on g regu-
lav basis, and retain these recards in the laharatory, in aceor-
dance with the laboratory’s quality assurance progran,

20.2 Record calibrationa in a log book along with dates of
calibration and the attached backup documentation.

203 A calibration lst for the insteument is as Tollows:

20,30 TEM:

20311 Check the nlignment and the sysiems operation,
Refer 10 the TEM wmanufacwrer’s operational manual for
detailed instructions.

20,312 Colibrate the camera length of the TEM in clectron
diffraction {ELY aperaling mode before ED patterns of un-
known samples are abserved. Camcera lengeh can be mcasured
by using a carbon coated grid on which 2 thin Alm of gold has
been spurtered or evaporated. A thin flm of gold is evaparated
on the specimea TEM grid to obtain zone-axis ED patterns
superimpoged wilh a ring pattem from the polycrystailing gold
film. In practice, it is desivable w optimize the tickness of the
gold film so 1hal only onc or two sharp rings are abtained on
the guperimposed ED pattern. Thick gold films will tend to
mask weak diffiaction spots from the fbrous particles. Since
the unknown d-spacings of most interest in asbestos analysis
are those which tic elosest to the iransmined beam, multiple
gold rings from Mick filng are unnecessary. Alernatively, o
gold standard specimen can be used to obtin an average
cimera ¢onstanl ealeulated For that particular ingtriment and
can then be used for ED patterns of unknowns taker during the
corresponding peried.

Repraduction suthwrized per License Agreement wilh Heidi Folte (Maxim Tecanoleges): Mon Fels (3 19:00;00 EST 2006

F1ia



82132806

1E6: 56

TT FMAXKIM TECHNOLOGIESC -+ HELEWNA

NO. 989

Ay 0 5755 - 03

20.3.1.3 Perform magnificalion ¢alibration at the flnorescent
screen. This calibration must be performed ar the magnification
used for structore coonting, Calibration is perfarmed with @
graung replica (7.47) (for example, one containing at Jeast
2160 lines/om).
fu) Define a ficld of view on the fuorescent sereen. The
field of view must be measurable or previously inscribed with
a seale or concentrie circles (all seales should be metric),
(b} Frequency of ealibration will depend on the service
history of the parncular microscope.
fe)  Cheek the ealibration after any mointenance of the
microscope that involves adjusoment of the power supply to the
lens or the high volage system or the machanical disassembly
of the clectron optical column (apart from filament exchange).
fd) The analyst must enswie that the grating replica is
placed at the same disiange from the objective lons as the
speoimen.
fep  For ingruments that incorporate a euceninc Liting
speeimen stage, all specimens and the grating replica must be
placed at the eucentric positon.
20314 The smallest spoc size ¢f the TEM must be
checked.
fuj Al the crossover point, photograph the spot size at a
screen mapnitication of 13 000 vo 20 000X, An expasure time
of | 5 is usually adequate.
b} The measured spot size noust be tess than or equal to
250 m,
20,4 EDXA:
20.4.1 The resalotion and calibration of the EDXA must be
verified.
20.4.1.1 Collect 2 standard EDXA Cuy peak from the Co
grid.
20.4.1.2 Compare the X-ray energy versus channel number
for the Cu peak and be cerain that readings are within %10 ¢V
20.4.2 Calleet o standard CDXA of crocidolite asbestos
(NIST SRM 1866).
2,4.2,1 The clemenml analysis ol the crocidolite st
resolve 1the Na peak.
2043 Colleet a standard EDXA of chrysotile asbestos,
10451 The elemental aralysis of chrysofile must resolve
both 3f and Mg on a single chrysotile fiber
20,5 Ulwrasomic bath calibration shall be performed as fol-
lows:

20.5.1 Fill the bath water 10 3 level equal 1o 1he height of

suspension in the glass sample contamer thay will be used for
the dust analysis. Operate the bath ontil the water reaches the
cquilibrium temperature.

Cuopyright by ASTM Int'] (] righrs reserved);
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20.5.2 Place 100 mL of warer (at approximaiely 20°C) in
another 200-mT glass sample container, and record its Lem-
perdire.

20.5.3 Place the sumple container in the water n the
ultrasonic bath (with the power furned off). After 60 5, cmove
the glags cantaingr and record its {empergnire.

20.5.4 Place 100 mL of water (a1 approximately 20°C) in
another 200-mL glass sample conraines and record s teny-
perature.

10.5.5 Place 1he second sample container inio the water in
the ultragonic bath (with the power tamed on), After 60 g,
remove the glass container ang record s temperature.

20.5.6 Calculate the rate of emergy deposition inta the
sample container using ihe fTollowing forowla;

=0,

f=al8i>0xpa - 4)

where:

4185 = Joulesfeal,

R = energy deposition, warts/mi.,

0, = emperature Tise with the ultrasonic bath nal
aperating, °C,

0, = tewnpersture rse with the ulrasenic bath operat-
ing, °C,

t = time in sesonds, 60 s (20.5.3 and 20.3.5),

a = specific heat of the liquid in the glass sample
container, 1.0 calig. and

B = density of the liquid in the jglass samiple container,

1.0 gwem’,
20.5.7 Adjust the gperating ¢conditions of the bath so that the
eate of energy deposition 15 in the range of 0.08 1o 0,12 MW/m
3, a5 defined by this procedurg,

21, Precision and Bias

21} Precision=<The precision of tha procedure in this test
method s being determined wsing round robin duts from
participating labaralories,

21,2 Bigs-—Since there s no accepted reference material
suitablte for determining the bios of the procedure in this test
methot, bins has not heen determined {see Specification
2 3670).

Mot 3—Roond rebin data is ynder development oad will he presented
us o reszarch ceport.

22, Keywords
22,1 asbestos, microvacuuming; setled dust; TEM
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APPENDIX
{Nonmandatery Information)
X1, DUST SAMPLE ANALYSIS

XKti  See Figs. X1l and X012 for the dust analysis
worksheet and the TEM count sheet.

H
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DUST SAMPLE ANALYSIS

Client Acocelerating Voltage:

Eample ID: Indlcated Mag: HX

Jab Number: Screen Mag: KX

Date Sampls Analyzed: - - Microscope: 1 3 4 5

Numbar af Opaninga)Grids Coumad: I Fllter W_'pa:

Grid Asceptad, 600X Yes Na Fllter Size.

Percant Loading: % Filter Para Slze (um):

Grid Bax #1: Grid Opening: 1) Jm x HM

2 gm - x pm

Analyst:

Reavlewer: Counting Aulas: AHERA LEVEL !

Calculation Data;

Effective Filtar Area in mm? (FFA)

Numbsr of Grid Qpenings Countad: ({GO)

Average Grid Qpening Arsa in mm? (GOA)

Voluma of sample Filtsred in mk: {V)
Surfacs area Samplad in em?®: (SPL}
Number of Asbestos Structures Countad:®  {(#STR)

* I tha numbar of Batieatos structures counted s ees than or equal ta 4, enter 4 structures ag the limit of detoction hers.

FORMUILA FOR CALGULATION OF ASBESTOS STRUCTURES "DUST" PER CM%

EFAX X 100 X #STR
G0 X GOA X VX 5PL

- [(Asbestos Svuctures per cm?

Resulta for Total Asbestos Structuras;

(Structures par em?)
Resulty for Structuras &> microns:

(Strucweres per cms)

FIG. X1,1 Dust Somple Analyslis Work Sheet

Copyright by ASTM Int'l (all rights reservedy, )
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Job Number:
Structurg | Grid # Length Width Confirmation
# Square # | Type Structure Microns | Microns |[Morph.| SAED | EDS
i
S e B B A Rt e K S

Note:  KKeys to Abbreviations Usad In Floure:

Type: Structure: Others:

C = Chrysatile F = Flber N30 = No Structures Detacted
AM = AMmosie B = Bunde Momh = Morphology

CR = Crogidalite C = Cluster SAED = Selacied Area Electron Diffraction

AC = Actinalite M = Mabix ELS =  Energy Dispersive X-Ray Spectroscopy
TR = Tremoliie ER = Inter-Row Spacing
AN - = Anthcphyilite NP = No Pattam

N = Mo Asbestos

FIG. X1.2 TEM Count Sheet

13
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Standard Test Method for
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MO, 359

Microvacuum Sampling and Indirect Analysis of Dust by
Transmission Electron Microscopy for Asbestos Structure

Number Surface Loading’

This sisndard is isanet) wader the fixed designotion D 3755, the number smnwedistely followimg the deslgnation mdicates the year of
original adepuon ar, in the code of revisian, 1he year of loat revigion, A number in pazenthasos indicutes he year af Bist rezpproval. A
superseript cpailon &) indicales on editorial change sings the last revizion of redpproval,

1. Scope

1.4 This test method covers a procedure to (g) identify
asbastos in dust and (&) provide an estimate of the surface
foading of asbestas in the sampled dust reported s the number
of asbestos strociures per umit area of sampled surface.

1.1.1 Ilan estimate of the asbhestos mass is to be determined,
the user is referred to Test Marhod D 5756,

1.2 This wal method describes the equipment and proce-
dores necessary for sampling, by a microvacuum technique,
non-airborne dust Jur levels of asbestos structures. The non-
airborne sample is collected inside a standard filler membrane
cassette from the sampling of a surfuce area {or dust which may
contain asbestas.

[.2.1 This procedore wses a microvacyuwming sampling techi-
nugue. The collection efficiency of this technique is unknown
and will vary among subsrrates. Properties influencing collec-
tion efficiency include surface texiure, adhesiveness, electro-
static properties snd other fagtors.

1.3 Ashestos identified by transmission electron microscopy
{TEM) is bascd an morpholegy, sclected aren electron diffeac-
tion (SATN}, and energy dispersive X-ray snalysis (RDXA)
Some information abowt structure size is also determined.

1.4 This test method is generally applicable for an estimate
of the surface loading of asbestos structures starting from
approximately 1000 gsbestos shucres per square centimere,

1.4.1 The procedure outlined in this test methad emplays an
indirzct sample preparation technigue, Tt is intended o disperse
agprepated asbesrtos into fundamental Rbrids, fiber bondies,
elusters, or matrices that can be maore aceurately quantified by
transmission eleceron microscopy, However, as with all indi-
rect sample preparation techniques, the asbestas observed for
guannficion may nat represent the physical form of the
asbestos as sampled. More specifically, the procedure de-
soribed neither creates nor destroys asbestos. but it may aler
the physical form of the mineral fibers.

"This test raethid g under the jussdwton af ASTM Cammuiee D22 on
Sminpling and Acnlysiz of Amwosgheres wnd is the direct tesponsibility of Subeams
miles D2207 an Sampling andl Anslyss of Ashasios,

Current edition approwed Aprit 10, 200), Puilished June 2003, Qrigwatly
upproved m 1BYS. Lagt previous whition approved in 2002 us D 3735 - 02,

1.5 The values stated in 81 onits are to be regarded as the
standard. The values given in parentheses are for information
only.

V.6 This standard does not purpart 1o oddress all of the
sgfety concerns, i amy, assoctured with i wse. 1 is the
responsibility of the wser of this stundurd 1o extablish appro-
priote sqfety and health practices and determing the upplica-
hiliry of repulaiory imitanions prior 1o use,

2. Referenced Docoments

2.1 ASTM Standards:

D 1193 Specification for wepgent Water

D 3185 Practice for Rotameier Calibration?,

0 3670 Guide for Determination of Precision and Bias of
Methods of Commintes D223

D 3736 Test Meihod for Microvacuum Sampling and Tndi-
rect Analysis of Dust by Transmission Electron Micros-
copy for Asbestos Mass Surface Loading?

D 6620 Practice for Delermining a Detection Limit for
Asbestos Mepsurenients Based on Caunts?

3. Terminology

3.1 Definitions:

301 asbesnform—a special type of fibrous habit in which
the fibers sve separable into thinner Abers and ultimately into
fibrils. This habit accounis for greater Aexibility and higher
tensile strength than other habits of the same mineral. For more
informetion on asbestiform mineralogy. see Reis (13,7 (2) and
3).

32 avhestos-—a collective team thar describes a group of
naturally ocouwrring, inorgan:, highly fbraus, silicate domi-
nated ininerals, which are easily scporated into long, thin,
flexible fibers when crushed or processed.

* anpuai ook of ASTM Siardards, Vol 1101,

P ammual Buok of ASTM Standuedy, Vol 11,03,

¥ The bold firve nurnbiers jn pargthesss refor tohe 1St of reforences 5t the end ol
iy (281 methadl.

Copynght & ASTM nlsnatisndl, 160 Barr Harbar Drive, PO Box C700, Waat Sanshaheckan, PA 10426-2058, Lintad Smige,
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3.1.2.1 Disgussinon—Ineluded in he definition are the as-
bestform varieties of serpentine (ehrysotile); rieheckie (cro-
cidolite); grunerite (gruncrite asbestos); anthophyliite (antho-
phyllite asbestos); tremolite (remolite agbestos); and actirolite
{actinolite asbestos). The amphibole mineral compasitions are
defined acourding ta nomenclawrz of the Tnternational Miner-
alogical Asseciation (3},

Asbeares Chamieal Abatracr Service No.”
Chrysolls 12001-38.5
Cracidolita 12001-28-4
Grunarite Asbesias 12172-73-6
Anthophylite Asbosios TYSIE8-HT-5
Tramalita Asbeslas 77536866
Aclinolita Ashesios 75308604

.13 fibril—u single fiber that corpnot be scparated into
smaller components without Josing its fibrous praperties or
appearance,

3.2 Definirions of Terms Spacific te This Standavd:

2.0 agpert vario-—the ratio of the length of a Abrous
particle to its average width,

3.2.2 bumdle-=a struciare composed of three or mors fibers
i a parellel arrangement with the fibers closer than onc Rber
diameler ta each olher.

323 cluster—a stouciure with fibers m a random arange-
ment such that all fibers are inteemixed and na single fber ig
1solated from the group; groupings of fibers must have more
than two points touching.

324 debris—marerials that are of an amount and size
{(porticles greater than { mm in diamcter) thpt can be visually
identified as to their source.

325 dusi—any material composed of particles it o size
ramge of <1 mm,

3.2.6 fiber—p siructure haviag o mininvm Tength of 0.5 wm,
4n aspeci Tatio of 5:1 o greater, and substantially parallel sides
{4}

327 fibrous—of a mineral composed of parallel, radiating,
or interiaced agpregates of fibere, frorm which the Sbers arc
sometimes separable. That is, the crysialline sggregate may be
referced to as fibrous even i il is nat composed of sepurable
fibiers, but has tha distinet pppearance. The tenm fibrous is sed
in o gencral mineralogical way 10 describe nggregates of prains
that crystallize in o needle-lile habit and appear to be com-
posed of fibers. Ribrous has a much moce general meaning than
asbestns. While it is correct that all asbestos minersls arc
fibreus, nar all minerals having fibrous abits are ashestos,

328 indirect preparation—a method i which a sumple
passcs througlh one or more intermediate steps prior to final
Alration.

3.2.9 marrive—a structure in which ong ar mare fibars, or
fiber bundles that are touching, are attached o, ar partially
concealed by 3 single pardicle or connected group of non-
fibrous particles. The exposed fiber must meet the fiber
deflinition (see 3.2.6).

L2108 strupnres—a term that is vsed 1o categorize all the
types of asbestos particles which are recorded during the
analysis {such as fibers, burdles, clusters, and matrices). Final

" T nan-nabestitbnn varistions of tha wimernlg inclicared n 5.5,3 have diffeeal
Chemical Abutrzer Ssrvice (CAST numbers,

Copyright by ASTM Int (a1l rights reserved),
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results of the test arc always expressed in asbestas Structures
PET sgjuare centimetire.

4. Summary of Test Method

4.1 The sample is collected by vacuuming a lmawn surface
area with a standard 25 or 37 mm air sampling cassette using
a plagtie tube that is aetached ta the inlet orifice which acrs as
a vozzle. The sample s mransferred from inside the cassette 1o
an aqueous suspension of known valume, Aliquots of the
suspension are then fillered rhrough a membrane, A section of
the membrane is prepared and tansferred to a TEM grid using
the direcr ransfer methad. The asbestiforn structures are
entified, sized, and counted by TEM, using SAED and
EDXA at 4 magnification of 15 005 to 20 000X,

5. Significance and Use

5.1 This microvacuum sampling and indireet analysis
method is used for the general testing of noo-airborne dust
semples for asbestos. Tt is used (o assist in the evaluation of
dust that may be found on surfaces in buildings such as ceiling
tiles, shelving, clectrical components, duct work, carpet, &e.
This test method provides an index of the surface loading of
ashestos structures in the dust per unit area analyzed as derived
from o guantitative TEM analysis.

5.1.1 This test method does not deseribe procedures or
techniques required to evaluate the safety oc habitability of
buildings with ashsstos-containing materials, or compliance
with federal, state, or tocsl regulations or statuzes. It is the
user's responsibility to make these deferminations.

5.1.2 At present, no relationship has been catablished be-
tween asbestos-containing dust as measured liy this test method
and potential human cxposure to airborne ashestos. Aceord-
ingly, the users should consider ather available information in
their interpretation of the dala obtained from this test methad.

5.2 This definition of dust accepis all particles small enough
to pass throwgh & | mm (No, 18) screen. Thus, a single, larpe
asbestos comaining particle(s) (from 1he large end of the
particle size distribution) dispersed during sample preparation
may result i anomalowsly lavge ashestos surface loading
results in the TEM analyses of thut sample. It is, thercelore,
recommended that mulliple independenc samples are secured
from the same area, and that 2 mintinum of threg samples be
analyzed by the entire procedure.

6. Tnierferences

6.1 The following minerals have propertics (chat is, chemi-
cal or evyatalling structure) which are very similar to nsbestos
minerals and may inerfers with the analysis by cavsing & false
positive to be wecorded during the test, Therefore, literatre
references (or these materials musc be maintained in the
lsboratory for compirisan to agbesios minersly so that they urg
nat misidentified as asbestos minerals.

6.1.1 dnrigerite.

6.1.2 Polygorekite (Anapulgie.

6.1.3 Hulloysize,

6.1.4 Pyroxencs.

6.1.5 Sepinfire.

0.1.6 Fermiculite serofiv.
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6.1.7 Fibrauy e,

6.1.8 Hornblengde and other amphiboles other than those
listed tn 3.1.2,

6.2 Collecting any dust particles greater than § mim in size
in this test method may cause an interference and, therglore,
must be avaoided,

7. Materials and Equipment

7.1 Puriry of Reagemis—Reagent grade chernicals shal] be
used in all tests, Uniess otherwise indicated, it is intendad that
all reagents conform to the specifications of the Committes on
Analytical Reageni= of the American Chemical Society, where
such specitications are available. Other grades may be used,
pravided it is first ascertained that the reagent is of sufficicatly
high purity to permit its use withour lessening the accuracy of
the determingtion,”

7.2 Transmission Etectron Microscope (TEM), an 80 to 120
kV TEM, capable of performing clestron diffraction, with g
Auoreseent screen inseribed with eplibrated gradations, is
required. The TEM must be equipped with cnergy dispersive
Xeray speciroscopy (EDXA) and it must have a4 scanning
transmission gicetron micrascopy (STEM) attachment or be
capable of producing a spot size of less than 2350 am in
diameter in crossover

7.3 Energy Dispersive X-roy Spsiem (EDXA).

7.4 High Vacwum Cavbon Evaporator, with rotating stage.

7.5 High Effiviency Particulate Air (HEP1), fllered nega-
tive Row hood,

7.6 Exhaust or Fume Hoed.

1.7 Particle-free Water (ASTM Type 11, see Specification
D 1193).

78 Ghuy Beukery (50 mL),

7.9 Glass Somple Containers, with wide mouth screw cap
(208 mL.) or equivalent sealable continer (heighe of the glass
sample container should be approximately 13 em high by 6 ¢m
widle),

110 Wurerproof Markers,

T Forceps (tweezers),

T2 Liltrasemic Bark, 1able wp madel (100 W)

713 Graduated Pipeties (1. 5, 10 mlL sizes), glass or
plaste,

704 Filter Funnel, either 25 mm or 47 mm, glass or
disposable. Filter funnel asserblies, cither glass or disposable
plaste, and vsing either 2 25 mm or 47 mm dismeter filter.

113 Side drm Filier Flagk, 1000 mL.

76 Mixed Cetiutove Ester (MCE) Membrune Fifters, 25 or
47 mm diameter, =0.22 ym and 5 wm pore size.

717 Fatycarbonare (PC) Filiers, 25 or 47 mm diameter,
F0.2 um pore size.

718 Srarage Contginers, Tor he 25 or 47 mm filers (for
archiving).

7.19 Glass Slides, approximately 76 by 23 mm in size.

" Remgem Chomigoly, Americn Cheoural Sowicty Spregficodiaie, Arvengnn
Chomical Saviety, Washiagton, 9C, Far Sugpations on the Wmting ol reagents not
listed by the Amencdy Chemient oy, see dnader Stardaris for Lithoreir:
Chenricals, WDIL Lie, Pante, Daraer, UK., and the Unlied Stiies Fharmavapcia
and Mitignal Furtmuiur, 115, Plarmacenical Cony wtivn, Inc. (USPCY, Rockville,
MD.

Copyright by ASTM Incl (il rights rescrved);
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7.20 Scalpe! Blodes, Wo. |0, or equivalent.

721 Cabinat-type Desiccaror, or low empeniture drying
OvEn.

7.2% Chloroform, reagent grade.

723 Acetone, reagent grade,

7.34 Dimethylformumide (DME),

T.25 Glacial Acetic Avid,

726 f-methpl-2-pywrolidonc.

7.27 Plasma Asher, low lemperature,

7.28 pH Paper,

T.29 Air Sampling Pump, low vohime personal-type, co- ¢
pable of achieving & Aow rate of | 10 5 [J/min.

1.30 Retumerer,

1.3 dir Sumpling Casseties, 25 mm or 37 mm, cOntaping
(.84 m ar smaller pore size MCLE or PC filters.

7.32 Cork Borer, 7 mm.

7.33 Non-4shestos Mineral, references as outlined in 6.1,

7.34 Adshestos Srandards, as outlined in 3.1.2,

7.35 Fygon” Tubing, or equivalent,

7.36 Sme!l Vacium Pump, that can maintain a pressure of 92
kPa.

737 Pewri Divhes, Jarge plass, approximately 90 mm in
diameter.

7.38 Jaffe Fasher, stainless steel or aluminum mesh screen,
30 ta 40 mesh, and approximatety 75 mm by 50 mew in size.

7.39 Capper TEM Finder Grids, 200 mesh.

140 Carbon Evaporator Ruds.

741 Lens Tissue,

TA2 Ashless Filter Paper Filters, 90 mm diameter,

743 Gummed Paper Reinforcemrent Rings.

7.44 Wash Borles, plasnc.

745 Reugent Alcobal, HPLC Grade (Fisher A995 or equiva-
lent).

146 Openimg Mesh Screen, plastic, 1.0 by 1.0 mm,
(Specoa-Mesh #146410 or cquivalent),

7.47 Diffraction Grating Replica

J

8. Sampling Procedore for Microvacuum Teehnigue

K.1 Far sampling asbestos-containing dust in cither indoor
or ouldeor environments, commerciatly available cussetres
must be used. Alr monitoring cusscites containing 25 mm or 37
mm diamater mixed cellulose esier (MCE) or polyvcarbonate
(PC) Alter membranes with a pore size less than or equal to 0.8
pm ave required (7.31). The number of samples collected
depends upon the specific circumstanves of the study.

8.2 Maintuin a tog of all pertinent sampling information and
sampling locatisns,

B.3 Sampling pumps and flow indicarors shall be calibrated
using o cettified standerd apparatus or &ssembly (see Proctce
D 3195 and 7.249).

B.4 Record all calibration infermation {5).

8.5 Perform & lesl check of the sampling systerm ac cach
sampling gite by activating the pump (7.29) with the closed
sampling cassette in line, Auy air flow shows that a leak is
present that must be climinated before initisting the sampling
operation.

—
T Tygon i o remginred tadamark oF the DBy Paa T,
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k6 Anoch the sampling cossetic to the sampling pump at
the outdet side of the cassctte with plastic tobing (7.35). The
plasiic tubing must b long enough isd that the sample oreas can
be reoched without interforenge--famfhe sampling pomp.
Amach a clean, approximately’ 25.4 mmlong picce of plastic
mbing (635 mm internal dinmea@Fyaiiedtly w the inlet orifice.
Use this picce of wbing as the sampling nozzle. Cut the
sampling end of the tubing o & 457 angle o8 illustroted in Fig.
1, The cxact design of the nozzle is not critical as long as some
vacuum break is provided 10 aveld simply pushing the dust
around on the surface with the nozzle rather than vacuming i
into the casseric, The intarnal diameier of the nozzle and Now
rate of the pump may vary as long as the air velogity is 100
{£10) cmi/s, This air velociry calculation is hased on an intzmal
sampling tube digmeter of 6.3% am ot o Sow rate of 2 L/min.

R.7 Meuasure and determine the sample area of infergst, A
sample area of 100 em® is vacutsned untl there i no visible
dust or particulaies matter remainiag. Perform a minimum of
two orihogonal passes on the sueface within 2 minimum of 2
min of sempling time. Avoid scraping or abrading the surfage
being sampled. {Do not sample any debris or dust particles
greater than 1 mm in diameter (sec 4.2).) Smaller or larger
arcas ean be sanpled, 1T negded. For exomple, some surfaces of
interest may have a smaller area than 100 cm® Less dusty
surfaces oy require vacuwning of larger arcag. Unlike air
saumples, the overfoading of the cassettes with dust will not be
a problem. As defined in 3.2.5, ondy dust shall be collected or
thiz analysis.

8.8 Ar ihe cnd of sampic collcction, invert the casseme so
thit the nozzle inlet laces vp before shutring off the power to
the pamp. The nozzle i3 then sealed with a cassetre end-plug
and the cassere/nozzle (ped or approprintely packaged to
prevent separation of the nozzle and cassctte assembly. A
gecond onption is the removal of the nozzie Trown the cassstie,
thea plugging of the cassette and shipment of the nozzla {alse
phugged at boh ends) sealed in o separale claseable plastic bag.
A third option s placing the nozzle inside the cassete for
shipmenl. The rozzle s always saved and rinsed becanse a
significant percentape of the dust drawn from a hghtly laaded
surface may ndhere to the inside walls of the whing,

8.9 Check thar all samples are clearly Jabeled, that all dust
sampling information gheets are completed, and thae all perti-

B

i
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nent infeomation has been cnclosed, in sceordance with Jaho-
ratory quslity contra) practices, before ransfer of the samples
to the laberatovy. Include an unused casseiie and nozzle as o
field blank.

810 Wipe ofl the exterior surfuce of the casseties with
disposcble wet wwels (baly wipes) prios 10 packaping for
shipment,

9. Sample Shipment

9.1 Ship dust sampies Lo an analytical laboraeory ia a sealed
cantainer, bul separate {romy any bulk or air samples. The
cassettes must be tightly sealed ond packed in a material free of
fibers or dust 10 minimize the polential for contamination.
Plastic “tubble pack’ 1s prabably the most appropriate marterial
for this purpose.

10. Sample Proparation

0.1 Under o negative flow HEPA hood (7.5), carcfully
wet-wipe the exterjor of the cassettes to remove any possible
contamination before taking cassertes into 4 clean preparation
area.

10.2 Perform sample preparation fn g clesn facilily that has
o separate work arga [rown both the bulk and air sampie
preparation areus.

163 Tminia! spechbnen preparation shall take plaee in a clean
HEPA diltered nggative pressure hoed o avold any pagsible
contamiination of the laboratory o1 persanned, or both, by the
patencinlly large mwrober of asbastos strucoires in an asbestos-
contgining dust somple. Cleanliness of the preparation areq
hoods is measured by the cumulative process blank surface
loadings {sze Sectian 11),

10.4 Al sample preparacon steps 10,4.1-10,4.6 shall ke
ploce in the dusr preparation area inside s HEPA hood.

10.4,1 Bemove the upper plug from the sample cassette ond
cirefolly introduce approximately 10 mL solution of a 30/30
mixiure of particle-free warer and reagent aleohel into the
cassette using a plastic wash hottle {7.44). f the plupged
nozzle was left attached w the cassctie, then remove the plug
and intoduce the water/alecoho) solution inro the cagsette
through the wbing, and ther remave the tabing, iF i is visibly
clean,

"3
AFPROHINATE
PAS GEOREL

’;" &NGL{Z

s 1787 DlaE TR
T

FIG. 1 Example of the Tublng Nozzla
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10.4.2 Replace the upper plug or the sampte eap and lightly
shake the dust solution by hand foc 3 .

104.3 Remove the entire cap of the cassette and pour the
suspansien through o 1.0 by 1.0 mun opening screen {7.46) inw
a pre-cleaned 200 ml, glass specimen bowle (7.9), All visible
traces of the sample contained in the gassette shall be vinged
through the screen into the specimen bottle with a plastic wash
bottlz containing the 50/50 solution of particle-free waler and
aleahal, Repeot this pracedure two additenst times for a toinl
of three washipgs. Next, rinse the aozzle two or three times
through the sereen into the specimen bobtile with the 50/50
wixiure of water and aleghel. Typically, the total amoeunt of the
50/50 mixiyre used in the rinse 1y 50 to 75 mL. Discard the 1.0
by 1.0 nym screen and bring the volune of suspension in the
specimen borde up 1o the 100 mlL mark on the side of the botle
with particle-lree water only,

10.4.4 Adjust the pH of the suspension 10 3 1o 4 using 4
10.0 % solution of acetic acid. Use pll paper Tor testing. Filter
the suspension within 24 h to avoid problems associaed with
bacterinl and fungal growth.

10.4.5 Use either a disposoble piastic fltration wait or a
plass filtering unit (7.14) for Gltration of aliquots of ihe
suspension, The ability of an individual flitration unit to
produce a uniform distribution may be tested by the filtration of
a colored partienlaie solution such g5 diluted india ink {solution
of carbon black),

10,450 17 a dispasable plastic filiration unit is used, then
unwrap a new digposable plastic filter fuanel unit (cither 25 or
47 mm diametery and remove the ape around the bose of the
{funnel. Remove the funnel and discard the top filter supplied
with the apparanys, retaining the coarse polypropylene sunport
pad it place. Assemble the unit with the adapter and a properly
sized seoprene stopper, and agach the funnel  the 1000 ml.
side-urm vacuwn fask (7.15). Plact o 5.0 yu m pore size MO
(hoeking filier) on the suppor pad. Wer it with a few mL of
particle-free waler and place an MCLE (7.16) or PC iilwr
(50,22 pm pore size) (7.17) on dop of the backing filtee, Apply
a wacuwm (7.36), ensuring thar the filters are cemered and
pulted flat witheue air bubbles. Any ircegularities on the filler
surface requires the discard of that filter. Aler the filter has
hien seated properly, replace the finnel and tasenl i with the
tape, Return the flask w atmoapheric pressure,

16.4.5.2 10 glass filteation ubit s usad, place a 5 pm pore
size MCLZ (backing filver) on the gless frit surface. Wel the filtar
with porticle-free water, and place an MCE ar PC filier (=0.22
um pare size) on wop ol the backing filter, Apply a vacuum,
gnsuring that fhe tihers are centered and pelled Aat without air
bubbles, Replace the filiers if any hregularities are s¢en on the
flter surface. Before Gilwation of each set of sample aliquots,
prepare a blank fileer by fltration of 50 wmL of particle-free
water. 1f aliquots of the some sample are filtered in order of
increasing surface loading, the glass filration wpit need not be
washed between Gltration. After completion of the filiration, do
nat alfow the filtration funnel assembly o dry becauss con-
wrmnation is then more difficult to rermave, Wash any residual
solution fTom the Giltration assembly by holding it under a flow
of water, then rub the surface with o clean paper towel soaked

Copyright by ASTM Int] {all rights reservedy;
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m 3 detergent solution. Repeat the cleaning opercation, and then
rinse nwo times in particle-lree water,

10.4.6 With the flask at atmospheric pressure, add 20 mL of
particle-free water into the funncl, Cover the filter fannel wih
its plastic cover if the disposable Bliering unit is used.

10.4.7 Briefly hand shake (3 ) the capped boule with the
semple suspension, then place it in a tabletop nhrasonic bath
(7.12) and scenicate for 3.0 min. Maintain the water level in the
sanicator of the aame height aa the suspeasion in sample boutle.
The ultrasonic both shall be calibrated as described in 20.5. The
ultragonic path pmst be operated ot equilibricm temperature,
After sonicating, retum rhe saople botle to the wark surface of
the HEPA hoed. Preparation steps 10.4.8-10.4.14 shall be
caeried out in thiz hood.

10.4.8 Shake the suspension lightly by hand Tor 3 5, then let
il vest far 2,0 min 1o allow Lacge particles to setile 1o the hotram
of the bottle or foat ta the surface.

1049 Estipmte the amount of liquid to be withdrawn 1o
produea an adequate fiter preparation. Experience has shown
that o light staining of the filter surface will yicld a suitable
preparation for analysis, Fileer at least 1.0 mL, but no more
than half the tatal velume. [Mafier exaninason in the TEM, the
smallest volwne measured (1.0 mL) (7.13) vields an over
loaded sample, then perform additional serial dilutions of the
suspension. If 11 is catimated that loss than 1.0 mE of suspen-
sion has ta be filtered beeause of the density of the suspension,
perform a serial dilution.

10.4.9.1 1 serial dilutions are reguired, repeat siep 10,4.8
hefore the serinl dilution portion is taken. Do nol re-vonicaw
the origing! suspension or any seeial dilutions, The recom-
mended procedure for o sevial dilution 15 to mix 10 mL of the
sumple suspension with 90 mL of parzicle-fres water in a elean
sample botde to obtain a 1:10 seripl dilution. Follow good
|aboratory practices when parforming difetions.

10.4.10 Insert a new disposable pipette halfway oto the
sarmple suspension and withdraw a portion, Avoid piperting any
of the large footing or settled particles, Uncover the filer
funnel and dispense the mixtore from the pipenc into the water
in the funnel.

10401 Apply vacuum w the (ask and draw the mixwre
throuph the filter.

10.4,12 Discard the pipette.

104,13 Disassemble the flvering umit and carcfully remave
the sample filter with Gne tweezers (7.11). Plsce the completed
sample filter particie side up, Mo a precleaned, labeled,
tlisposable, plastie petri dish (7.48) or other similar condainer.

104,14 In order to easore that an optimaliy-losded filter is
obtainzd, it is recommended thal filters be prepared from
several different aliquots of the dust suspension, For this series
ol Hirers, it is recommended that the volwme of each aliquet of
the origing) suspension be o factor of tive higher than the
puevious e, If the filiers are prepared in order of increasing
aliquot valume, ail ol the filters {or one sample tan be prepared
using ane plastic disposable filtration unit, or without ¢leaning
of glass filravion equipment botween individual fileeation.
Before withdrawal of gach aliguot from the sample, shake the
suspension wilboul addicional sonification and aliow 1o cest for
Z min,
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10.4.15 There arc many practical methads for drying MCE
filters. The following sre two examples that can be used: { /)
dry MCE flers for at least 12 b {over desiceant) in an airtight
vobiner-cyps Jesiceatar (7.21); (2) to shorten the drying time (if
desired), remove a plog of the damp fitter and amach it to a
class slide (7.19) as deseribed in 12.1.2 ond 12.1.3, PMace the
slide with a filter plug or Blser plugs (up to cight plugs can be
arached to one slide) on a ked ol desiccant, in the desiccoror
for | h.

19.4.16 PC fiers do not require lengthy drying bafore
praparation, but shall be placed in 8 desiceator for ar least 30
min before preparation,

£0.5 Prepare TEM specimens from small seerions of each
dried filter using the appropriate direct ransfer preparation
method.

11. Blagks

F6.1 Prepare sample blanks that include both a process
plank (50 ml. of particle-free water) for each et of samples
analyzed und one woused flrer from caeh new box of sample
Rlters (MCE or PC) used in the laboratory. 11 slass Alering
units are used, prepare and analyze a process blank cach time
the filtering unit is cieancd. Blanks will be considered con-
taminated, W afier analysis, they are shown to contain more
than 53 asbestos structures per square midlimetre. This gener-
ally eorresponds 10 three or four ashesios siructures tound in
ten grid openings. The source of the contaminanon must be
found before any further soalysis can be performed. Roeet
samples that were processed along with the contaminated
blanks ase]l prepare new samples after the source of the
contamination is Tound.

11.2 Prepare ficld blanks which are included with sample
sets in the same manner as the sanples, to test for contamina-
tion during the sampling, shipping, kandling, and pregaration
steps of the method.

12. TEM Specimen Preparabion of Mixed Cellulose Estor
{MCI) Filters

Nute 1—Us2 el gither the oegtoné or e diametby!formamide-scetic
acid method i% gocepible,

12.1 Aeetone Fusing Method,

12.1.1 Remove g section (a plug) from any guadrant of the
sample ani blank filters, Sections eno be removed from the
filters vsing o 7 mm cack borer (7.32), The cork borer must be
wet wiped after cach dmie a section is removed.

12.1.2 Place the flter section {particle side up) on a ¢lean
microscope slide. Afix the filwer sccion to the slide with a
gummed page reinforcemens (7.43}, or other snilable meang,
Label the slide with o glass seribing ol or permanent marker
(7.100,

12.1.3 Pegpare o fusing dish from a glass perd dish (7.37)
and a2 metai screen bridge (7.38) wath a pad of five to six
ashless paper iters (7.42) and place in the boatwm of the pein
dish ¢4}, Place the sergen bridge on 1op of the pad and saturate
the Glier pads with seetone. Place the slide on top of the bridge
in the perrt dish and caver the Jish. Wair approximately 5§ min
[ov the sample filter to fuse and clear.

V2.2 Dimethvlformanide-Aceric Aeid Method:

Copyright by ASTM Tncl (all righes reserved);
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12,2.1 Placc a drop of clearing solution that consists of
35 % dimethylformamide (DMF), 15 % glacial acetic acid, and
50 % Type TI water {v/v) on a clean microscope slide. Gauge
the amount used 50 that the cleanng selution just saturales the
fiiter sechon.

12.2.2 Carefully lay the filter sepment, sample surface
upward, on rop of the solution, Bring the flter and solution
together at an angle of about 20° to help exclude air bubbles.
Remove any extess clearing sohetion, Place the slide in an
aven or on 4 hot plate, In 4 fume hood, at 65 to 70°C for 10
min,

12.3 Plasma ciching of the collapsed filier is required.

12.3.1 The micrascope slide lo which the collapsed filter
picoes are atached is placed in a plagma asher (7.27) Because
nlasma ashers vary greaily in their performance, both from unit
10 vnit snd bebween different positians in the asher chamber, it
is diffcolt to specily the exacl condivions that raust be used.
Insufficient etching will result in a failure to expose embedded
fibers, and too much etching may resutl in che loss of particles
from the htter surface. To determiine the optimum Hime for
ashing, place an vnused 25 mm diameter MCE filter in the
center of a glass micruscope slide, Posivion (he $lide approxi-
mately in the center of the asher chamber, Close the chambey
and cvacuatz 1o o presgure of approximatcly 40 Pa, while
admitdng oxygen to the chamber at a vate of § 1o 20 em/min,
Adjust the funing of the system sg that e intengity of the
plasma ig maximized. Detennine the time required for com-
Plere oxidation of the fillar. Adjust the system paramercrs 1o
achigve complete oxidation ot the filter in a pericd of approxi-
mately 13 min, For cteching of cotlapsed flters, wse thesc
operating putamneters {or a peviod of & win, For addiljonal
infarmation on calitiralion, see the USERd Ashesios-
Cuntaining Materials in Schools {4) or NIST/NILAP Progrem
Handhook for Afrborne dsbesios Anulveis (6} docurnents,

12.3.2 Place the glass slide contvining 1he collapsed filtars
inte the low-temperawre plasima asher, and sich the lilter,

12,4 Carbon conting of the collapsed and ctehed filters is
required.

1240 Carbon coating must be poformed with s high-
VACUND COATINE ULt (7.4), capable of less than 107 torr (13
MPa) pressure. Fnits that are based on evaporation of carbon
flaments in 3 vactum generated only by an oil rotary pump
have not been evalvated for this application and shall not be
used, Carbon rods (7.40) used for cvaporators shail be shomp-
ened with o carbon rod sharpener to a neck of about 4 mm in
length and 1 rmom in diameter. The rods are installed in the
BVAPOTALOT in such a manner that the paints are approximately
(00 e 120 mm from the surfoce of the miceascope shde held
in the rotalmg device.

12.4.2 Place the glass slide halding the filters on the rowtion
device, and evacuate the cvaporator chamber to a vasuum of at
least 13 MPa. Perform the evaporation in very short bursts,
separates] by 3 o 4 g 10 allow the clectrodes 1o cool. An
alternate method of cvaporation is by using a slow cuntinuous
applied coment. An cxperienced analyst ean judge the thickness
of the carbon film to be applied. Conduet tests on unused filtors
first. T the curbon filon as (oo thin, lares particles will be losi
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from the TEM specimen, and there will be few complete and
undamaged prid opeznings on the specimen,

12.4.2.0 1 rhe coating is wo thick, it will lead to o TEM
image that is lacking in contrast, and the ability o obwin
cleetron dHlructan paterns will be compramised. The carbon
lilm shall be as thin as passible and still remain intact on most
of the grid openings of the TEM speciman.

12.3 Preparation of the Jaffe Wusher— The precise design
of the Jafle wosher (5 ot considered important, so any one of
the published designs may be used (7, §). Onc such wusher
CONSISES of 5 simple stainless steel bridpe coptained in § plass
petri dish.

12.5.t Tlace several pieces of lens ussue (7.41) on e
stoinfess stecl bridge. The picees of lens tissue shall be large
cnough to completzly drape wver the bridge and joto the
solvent. Tn a fume hood. fill the petri dish with acetone (or
DMF) until the height of the salvent is brought up to contact
the underside of the metal bridge as illusirated in Fig, 2.

126 Plaving the Specimeny inta the Jgffe Washer:

12.6.1 Place the TEM grids (7.39} shiny side up on & picce
ol lens tissue or filler paper so that individual grids can be
easily picked up with tweazers.

12.8.2 Prepure three grids from each sample.

12.6.2.1 Lizing a curved scalpe! blade (7.20), excise at leost
rwi square (3 mm by 3 mm) pleces of the carbon-coared ML
flcer from the glass slide.

12.62.2 Phice the squace Glter piece carbon-side up vn top
of a TEM specimen grid.

[2.6.2.3 Place the whole assembly (flter/gnd) on the salu-
rited lens tissye i the Taife washer,

12.5.2.4 Place the three TEM grid sample filter prepacations
on the sume pigee of lens dssue in the Jaffe washer.

12625 Place the Iid on the Jaffe washer und allow the
system e stand lor several hours.

127 Alternately, place the grids on a faw level (perri dish
filled to the Y% mark) DMF Joffe washer for 60 min, Add
enough solution of equal parts DMF/aceione to () the washer
10 the serzen fcvel. Remove the grids after 30 min if they have
cheared, thav is, all Glter material has been removed from the
carbon film, as determined by inspection in the TEM.

12.8 Carefully romove the grids {rem the Jaffe washer,
allowing the prids 10 dry before placing them in a clean marked
grid bax.

Eipctran micrageone
specimoens

Giace pate dish
(1ODmm « 1B mm)

S1ainigsx 2toal meazh
briggs |50 mexh)|

Lony
Tledig

FIG. 2 Example of Dealgn of Solvent Washor (Jaffe Washer)
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13. TEM Specimen Preparaiion of Polycarbonate (PC)
Filter

13.1 Caver the swiface of 4 clean mucroscape shide with twa
strips of double-sided adhesive tape.

13.2 Cut a sinp af flter paper slightly narrower than the
width of the slide. Position the hlter paper strip on the ceater of
ihe leagth of the slide.

13.3 Using & ¢lean, curved scalpel blade, cut o strip of the
PC Tilwer approximately 25 by & mm. Use a rocking motion of
the s¢alpel blade 1o aveid tearing the filier. Place the PC stiip
particle side up on the slide perpendicular to the long axis of
the slide, The ends of the PO strip must centact the double
sided adhesive rape. Each slide can hold savern] PC strips, With
& giogs marker, lahel ench PC strip with the individual sampie
number

13.4 Carbon coat the PC fileer serips as discussed in [2.4.2.
P fileers do not require etching.

Nore 2--Cawtion: Do not overheal the filter sections while casbon
couling.

13.5 Prepare g JalTe washer as deseribed in 12.5, but ) the
washer with chloroform or T-methy-2-pyrrolidone (o the level
of the sereen,

13.6 Using a clean curved sealpel blade, exgise three, 3-mm
square filter pieces fram cach PC strip. Place the filter squares
earbon side up on the shiny side of' a TEM grid, Pick up the
grid and filter section togethor and place thew on the lens tissuz
in the Jalle washer,

13.7 Place the fid on the Jafle washer and rost the grids in
place for at least 4 I Bast results are obiained with lonper
wicking times, up o 12 h.

13.8 Carefielly vemove the grids from the Jaffe wagher,
allowing the grids to dry befure placing them in a elean,
marked grid box.

14, Grid Opening Measurements

14.1 TEM grids must bave a known grid opening areu.
Datenmnine this areg as foliows:

14.2 Moasure at least 20 grid openings in each of 20 eapdom
75 10 100 pm (200-mesh) copper goids for a total of 400 grid
openings for every 1000 grids used, by piacing the 20 grids on
@ jgtass slide and examinmng them under the optical microscope.
Use 3 calibrated graticule fo mepsure the average length and
width of the 20 epenings rom cach of the individusl grids.
From the accumulated data, calculate the average grid opening
arca of the 400 openings,

14.3 Girigd area measurgments can also be made at the TEM
at & calibrated sercen magnibeation of between 15 000 and
20 000K, Typically mensurc one grid opaning for cach grid
examined, Measore grid openings in both the x and v dircctions
and caloulate the area.

14,4 Pre-colibrated TEM grids are also aceeptable for this
test methagl,

15. TEM Method

15.1 Microscope scttings: 80 (0 120 kV, 15 000 1o 20 000X
sereen magnification Jor analysis (7.23,
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3.2 Aralyze two grids for cach smnple. Analyze one-hall
of the sample area on one sample pgrid preparation gnd the
resnpaining hall on o second sample grid preparation,

15.3 Derermination of Specimen Sidtabilin:

13.3.1 Carefully load the TEM grid, carbon side (acing up
(in the TEM column) with the grid bars oviented pursllel/
perpendiculir to the length of the specimen holder. Use a hand
lens or loupe, if neeassacy. This procedure will ling up the grid
with the v and y translation divections of the microscope. Insert
the specimen holder into the micrascope,

15.3.2 Scan the entire grid at low magnification {250X io
1000X) to deteymine its suilability for high magnificarion
analysis as specified in 15.3.3.

15.3.3 Grids gre acceprable for analysis if the following
conditions are mer

15.3.301 The fraction of pged openings covered by the
replita seetion s at least 50 %.

[5.3.32 Relative to that section of the grid covered by the
carbon replica, the fraction of intact grid openings is greater
than 50 %4,

13.3.3.3 The Fractional arca of undissolved filter 19 less than
10 %,

13.3.3.4 The fractian ol god openings with overlepping or
folded replicy film is less than 50 %,

15.2.3.5 Arleasi 20 grid operungs, that have no overlapping
ar Tolded replica, are less chan 3 % covered with holes and have
less than 5 % opaque urea due @ incomplete flter dissolution,

V5.4 Dorermination of Grid Opesing Suiiabiling:

1541 1 the prid mests acceptance cnteria, choose o grid
opering for analysis from vacieus areas of the grid so that the
entire grid is representesf. Detenmine e switability of each
individual grid apening prior te the analbysis.

15.4.2 The individval grid openimg must have less then 5 %
holes Gver its area,

154.3 Grig openings muost be less than 23 % covered with
particulare matter,

15.4.3 Grid openings must be uniformly loaded.

15.5 Qbserve and record the orientation of the grid at 80 1o
[$0X, on a grid mayp record sheel along with the location of the
grid apenings that are exomined for the analysis. If indexed
grids are used, 2 grid map is ot required, but the identifying
coerdinates of the grid square must he recorded.

6. Recording Data Rules

16.1 Record on the count sheet any gantinuous grouping of
pacticics in which un ashestos fibor 15 detected. Clagsily
ashesios strueiiresd o3 Abers, bundles, elusiers, or matricss as
defiped in 5.2

16.2 Use the criteria for fiber, bundie, slusier, and mnairix
idennification, ps describad in the /8ERY Asbestos-Containing
Muterinly in Seheals docurment (4). Record, for each AHERA
gtruclure identificd, the length and widih mcasuremenis.

16.3 Reeard N3D (No Structurcs Detected) when no sirge-
wres are detected in the grid opening.

164 Tdentify struetures classified as chrysoule identified by
2jthes eleziron diftraction or X-ray analysis {7.3) and recorded
el a ecunt sheat. Verify ar least ane oul of every wn chrysotile
stractures by X-tay onalysis.

Copyright by ASTM Inr') (al) rights reserved?,
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16.5 Stroetures einssificd as amphiboles by X-ruy analysis
and clectron diffraction are recorded on the count shect. For
more nformation on identificetion, see Yamaie, ¢t al, (1) or
Chatfield and Dhllon (8).

i6.6 Record o typical olectron diffraction patiern for each
type ef asbestes observed for zach group of samples (or a
minimum of every {ive samples) analyzed, Record the micro-
graph numiber on the count sheer, Record at least one Xeray
spectrum for each type of asbestos obscrved per sample. Atiach
the print-outs 1o the back of 1he count shegt, 17 the X-ray
spectrum (§ sloved, record the file and disk mamber on the couar
sheer,

16.7 Counring Rules:

16.7.1 At u» screen maognificadon of between 15 000 and
20 Q00X evaluate the grids for the most concentrated sample
loading; reject the sample if il 1s cstimated to contain more than
30 asbestos structuces per grid opening. Procced to the next
lower congentrated sample until 2 set of grids are obtained that
have less than 30 asbestos soruetures per grid opening,

16.8 Anelysical Sensitivify (48)—As determined by the
following etuation:

(EFA X G0 ml » DAGO X G4 = e §PL) - a8 il
where: ‘
EFd = effective filter area of the Anal sampling filter, mm*
GO = number of grid opeénings counted
GOA =~ average grid apening areq, rmm*

SPL = surface area sampled, cm?

¥ = volume of sample filtered in siep 10.4.9, represent-
g the actual volune taken from the original 100
mL suspension, mi.

A8 = sanalytical sensisivity, expressed as asbestos

structuresiom?

16.8.1 AnAS of approximatcly 10600 asbestos structures per
Square centimelre (caleulated for the deweetion of a single
asbesios strucore) has been designed Tor this analysiz, This
sensitivity can be achieved by incressing the amount of [iquid
filtered, increasing the number of grid openings analyzed,
increasing the area of the collection, or decreasing the size of
ihe final filter. For example, using a collection area = 500 em?,
filier aren = 00O mm?, numbes of grid openings = 10, and a
grid area of 0.01 mmé, V = 30 mL, the AS is 40 sifom’®.
Oceasionally, due to high pariicle loadings or high ashestos
surface loading, this AS connot be practically achieved and
stopping rules apply.

16.8.2 The numencal value of AS required for any spevific
apptication of this methad may be achieved by selecting an
appropriate combination of the sampling and aoalysis param-
cters in the obove equatian. For example, i SPL = 190 e,
GFA = 1000 mm*, GO = 10, GOA=0.01 mm*, V=10 nL,
and D = 1, then AS = 1000 str/om®. Increasing GO o 50 and V
@ 50 mL changes the AS 0 40 Sir/em™.

16.8.3 When sample fittees arc heavily louded with panicus
late matter, it may vscfu) o employ sevial Jdilutions during
preparation w reduce the loading on grid specimens to accept-
uble levels and thus facilitale analysis. Under such circum-
stances, the AS moy be calenigied by subsututing an appropri-
ate valve for the dilution factor, 1, into the abave equation. Tn
generalk:
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volume of particle free water added (o 'V during serial
difutian to produce the new, diluted suspension.

Thus, it GO=10, V=10 ml, VPFW =90 mL, and
VA =10 nL, D= 6.01 and the AS = L(0 000 str/om?’.

V6.9 Limit of Detection—The limit of detection for this teat
method 15 calewlated using the Pracice D 6620, AN data shall
be provided in the laboratory réport.

1610 Srupping Rules:

16.10,1 The aaaiysis is stopped upan the campletion of the
gricd sguare that achieves an AS of less than 1000 asbestos
SITUCTUTES Y SQUare centimetre.

16.10.2 TF an AS of 1000 asbestos structures per square
centimerre eannot be achieved after analyzing wen grid apen-
ings then stop on grid opening No. 18 or the grid opening
which contdins the 106th ashestos structurz, whichever cones
first, A minimum of four grid squarcs shall be analyzed for
each gampie.

16.00.2.1 I the analysis is sopped because of the 100th
struclure rule, the entire grid square containing the Q0Gth
steucture must be counted.

16.11 After analysis, remove the grids from the TEM, and
replace them in the appropriate grid storage holder.

17, Sample Storage

7.1 The washed-out sample casscttes can be discarded
after vse,

17.2 Somple geids and anused filrer sections (7.18) must ba
stored Tor a minimum of one year,

18. Reparting
18,1 Repaort the following information for each dust sample

analyzed:
18,11
18.1.2
18.1.3
18.1.4
18.1.5
18.1.6

cerinted,
12.1.7

Surface loading in smuctures/cm?,

The AS.

Types of asbestos present.

Number of usbestos structures counted.

Effective filtralion aren,

Average size of the TUM grid openings chat were

Number of grid openings examined,

18.1.8 Sumple dilution used.

18.1.9 Arga of the surface saimpled,

18.1.10 Listing of size daw for cach structure counted.

IT1 Acopy of the TEM count sheet or a complete listing
of the raw data. An gxaumple of a typical count shect is shown
in Appendix X1,

18.2 Determine the amount of asbestas in any accepted
sample vsing the following lovamla:

EFA 00 . > (STR 2
ROl A PRSP = asbestog alnIENTEsAem Y]

where:

Copynight by ASTM Intl (ol] righty reserved);
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D= VAlY + VPFI) (2 @48TR = number of nsbestos structures countcd,
Efd = effective filier area of the final sampling filter,
2
. ; mm
Vi = o : . ) .
i lhe volume of fhe_allquotr from the Tew, dlh}_md GO = mumber of grid openings counied,
suspensisn that {s Rltered 1o prepare the analytica) GOA = average grid opening ares. mm?
fAleer; V = the volame of the aliguat from the initial SPL = surface area sampled cmz‘ and
{100 mL) suspension thal is diluicd; and VEFW =1he v = volume of sample fillered jn siep 10.4.9, repre-

aenying the actual valume taken from the original
100 mb suspension, mL.

19, Quality Contral/Quality Assurance

19.1 Tn general, the laboratory's qualivy contraf checks are
vsed to verify thar a sysiom is performing according to
specificarions regarding accuracy snd consistency. Tn an ana-
Iytical taboratory, spiked or kKnown quantitziive samples are
normolly vsed., UHowever, due to the difficuldes in preparing
known quapulative asbestos sompies, routine qualicy control
testing focuses on re-analysis of samples (duplicate recounts).

[9.1.]1 Re-analyze samples at a mee uf Y of the sample sets
{one out ol every tea smnples analyzed not including Tabarg-
tory blanks}. The re-analysis shall consist of g second sample
preparation obtajined from the tinal fler,

19.2 Tn wddition, guatiy assurance programs must follow
the criteria shown in the USEPA Asbestos-Cantaining Muteri-
aly in Schools dosument (4) and in the NISTINFLAF Prograsm
Handbnok fior Airborng 4sbestos Anwiusly decument (6). Thase
documents deseribe sample eustody, sanple preparation, blank
chetks for contamination, calibration, sample analysis, analyst
gualitications, and technical facilities.

20, Calihyations

20.1 Perform ealibrations of the instrumeninion on g regu-
lav basis, and retain these recards in the laharatory, in aceor-
dance with the laboratory’s quality assurance progran,

20.2 Record calibrationa in a log book along with dates of
calibration and the attached backup documentation.

203 A calibration lst for the insteument is as Tollows:

20,30 TEM:

20311 Check the nlignment and the sysiems operation,
Refer 10 the TEM wmanufacwrer’s operational manual for
detailed instructions.

20,312 Colibrate the camera length of the TEM in clectron
diffraction {ELY aperaling mode before ED patterns of un-
known samples are abserved. Camcera lengeh can be mcasured
by using a carbon coated grid on which 2 thin Alm of gold has
been spurtered or evaporated. A thin flm of gold is evaparated
on the specimea TEM grid to obtain zone-axis ED patterns
superimpoged wilh a ring pattem from the polycrystailing gold
film. In practice, it is desivable w optimize the tickness of the
gold film so 1hal only onc or two sharp rings are abtained on
the guperimposed ED pattern. Thick gold films will tend to
mask weak diffiaction spots from the fbrous particles. Since
the unknown d-spacings of most interest in asbestos analysis
are those which tic elosest to the iransmined beam, multiple
gold rings from Mick filng are unnecessary. Alernatively, o
gold standard specimen can be used to obtin an average
cimera ¢onstanl ealeulated For that particular ingtriment and
can then be used for ED patterns of unknowns taker during the
corresponding peried.
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20.3.1.3 Perform magnificalion ¢alibration at the flnorescent
screen. This calibration must be performed ar the magnification
used for structore coonting, Calibration is perfarmed with @
graung replica (7.47) (for example, one containing at Jeast
2160 lines/om).
fu) Define a ficld of view on the fuorescent sereen. The
field of view must be measurable or previously inscribed with
a seale or concentrie circles (all seales should be metric),
(b} Frequency of ealibration will depend on the service
history of the parncular microscope.
fe)  Cheek the ealibration after any mointenance of the
microscope that involves adjusoment of the power supply to the
lens or the high volage system or the machanical disassembly
of the clectron optical column (apart from filament exchange).
fd) The analyst must enswie that the grating replica is
placed at the same disiange from the objective lons as the
speoimen.
fep  For ingruments that incorporate a euceninc Liting
speeimen stage, all specimens and the grating replica must be
placed at the eucentric positon.
20314 The smallest spoc size ¢f the TEM must be
checked.
fuj Al the crossover point, photograph the spot size at a
screen mapnitication of 13 000 vo 20 000X, An expasure time
of | 5 is usually adequate.
b} The measured spot size noust be tess than or equal to
250 m,
20,4 EDXA:
20.4.1 The resalotion and calibration of the EDXA must be
verified.
20.4.1.1 Collect 2 standard EDXA Cuy peak from the Co
grid.
20.4.1.2 Compare the X-ray energy versus channel number
for the Cu peak and be cerain that readings are within %10 ¢V
20.4.2 Calleet o standard CDXA of crocidolite asbestos
(NIST SRM 1866).
2,4.2,1 The clemenml analysis ol the crocidolite st
resolve 1the Na peak.
2043 Colleet a standard EDXA of chrysotile asbestos,
10451 The elemental aralysis of chrysofile must resolve
both 3f and Mg on a single chrysotile fiber
20,5 Ulwrasomic bath calibration shall be performed as fol-
lows:

20.5.1 Fill the bath water 10 3 level equal 1o 1he height of

suspension in the glass sample contamer thay will be used for
the dust analysis. Operate the bath ontil the water reaches the
cquilibrium temperature.

Cuopyright by ASTM Int'] (] righrs reserved);
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20.5.2 Place 100 mL of warer (at approximaiely 20°C) in
another 200-mT glass sample container, and record its Lem-
perdire.

20.5.3 Place the sumple container in the water n the
ultrasonic bath (with the power furned off). After 60 5, cmove
the glags cantaingr and record its {empergnire.

20.5.4 Place 100 mL of water (a1 approximately 20°C) in
another 200-mL glass sample conraines and record s teny-
perature.

10.5.5 Place 1he second sample container inio the water in
the ultragonic bath (with the power tamed on), After 60 g,
remove the glass container ang record s temperature.

20.5.6 Calculate the rate of emergy deposition inta the
sample container using ihe fTollowing forowla;

=0,

f=al8i>0xpa - 4)

where:

4185 = Joulesfeal,

R = energy deposition, warts/mi.,

0, = emperature Tise with the ultrasonic bath nal
aperating, °C,

0, = tewnpersture rse with the ulrasenic bath operat-
ing, °C,

t = time in sesonds, 60 s (20.5.3 and 20.3.5),

a = specific heat of the liquid in the glass sample
container, 1.0 calig. and

B = density of the liquid in the jglass samiple container,

1.0 gwem’,
20.5.7 Adjust the gperating ¢conditions of the bath so that the
eate of energy deposition 15 in the range of 0.08 1o 0,12 MW/m
3, a5 defined by this procedurg,

21, Precision and Bias

21} Precision=<The precision of tha procedure in this test
method s being determined wsing round robin duts from
participating labaralories,

21,2 Bigs-—Since there s no accepted reference material
suitablte for determining the bios of the procedure in this test
methot, bins has not heen determined {see Specification
2 3670).

Mot 3—Roond rebin data is ynder development oad will he presented
us o reszarch ceport.

22, Keywords
22,1 asbestos, microvacuuming; setled dust; TEM
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APPENDIX
{Nonmandatery Information)
X1, DUST SAMPLE ANALYSIS

XKti  See Figs. X1l and X012 for the dust analysis
worksheet and the TEM count sheet.

H
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DUST SAMPLE ANALYSIS

Client Acocelerating Voltage:

Eample ID: Indlcated Mag: HX

Jab Number: Screen Mag: KX

Date Sampls Analyzed: - - Microscope: 1 3 4 5

Numbar af Opaninga)Grids Coumad: I Fllter W_'pa:

Grid Asceptad, 600X Yes Na Fllter Size.

Percant Loading: % Filter Para Slze (um):

Grid Bax #1: Grid Opening: 1) Jm x HM

2 gm - x pm

Analyst:

Reavlewer: Counting Aulas: AHERA LEVEL !

Calculation Data;

Effective Filtar Area in mm? (FFA)

Numbsr of Grid Qpenings Countad: ({GO)

Average Grid Qpening Arsa in mm? (GOA)

Voluma of sample Filtsred in mk: {V)
Surfacs area Samplad in em?®: (SPL}
Number of Asbestos Structures Countad:®  {(#STR)

* I tha numbar of Batieatos structures counted s ees than or equal ta 4, enter 4 structures ag the limit of detoction hers.

FORMUILA FOR CALGULATION OF ASBESTOS STRUCTURES "DUST" PER CM%

EFAX X 100 X #STR
G0 X GOA X VX 5PL

- [(Asbestos Svuctures per cm?

Resulta for Total Asbestos Structuras;

(Structures par em?)
Resulty for Structuras &> microns:

(Strucweres per cms)

FIG. X1,1 Dust Somple Analyslis Work Sheet

Copyright by ASTM Int'l (all rights reservedy, )
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Job Number:
Structurg | Grid # Length Width Confirmation
# Square # | Type Structure Microns | Microns |[Morph.| SAED | EDS
i
S e B B A Rt e K S

Note:  KKeys to Abbreviations Usad In Floure:

Type: Structure: Others:

C = Chrysatile F = Flber N30 = No Structures Detacted
AM = AMmosie B = Bunde Momh = Morphology

CR = Crogidalite C = Cluster SAED = Selacied Area Electron Diffraction

AC = Actinalite M = Mabix ELS =  Energy Dispersive X-Ray Spectroscopy
TR = Tremoliie ER = Inter-Row Spacing
AN - = Anthcphyilite NP = No Pattam

N = Mo Asbestos

FIG. X1.2 TEM Count Sheet

13
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